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The euesent work completes the outline of tlie Organisation 
of tlie Animal Kingdom which was begtin in tluit on the Inverte- 
l)ratcs.' 1'hoy may Ije regarded as parts of a whole, having the 
same general aim, and, together, form a condensed summary of 
the subjects of my ‘ Lectures on Com[>arative Anatomy and 
Physiology, according to the Classes of Animals,’ delivered in the 
Theatre of the Iloyal College of Surgeons of Unglancrin the 
years 1852, 1853, and 1854. 

In the choice of facts, as then and since acquired by science, 
1 have been guided by (heir autbenticity and their applicability 
to general ])riiiciplcs. 

In the first, regard has lieen had to the agreement of several 
observers, or to the nature of the fact as making it acceptable on 
the testimony of a single expert. Appearances that require helps 
to vision arc those that call for multiplied concuri’ing testimony, 
and on such alone are offered the descriptions and illustrations of 
the microscojiical characters of ‘ tissues ’ premised to most of the 
chapters. 

In the second aim, the parts and organs, severally the subjects 
(d* these chapters, are exemplified by instances selected with a 
view to guide or help to the power of apprehending tlie unity 
which underlies the diversity of animal structures; to show iii 
these structures the cvidouceof a predetermining Will, producing 

‘ Loot\in‘8 on tlie Comparative. Anatomy and .1‘hysiolbgy of the luvertehraUi 
Aniinahs, 8vo. 1843; 2 ml ed. 8vo. 1805. 
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them in reference to a final purpose ; and to indicate tlic direction 
and degrees in which organisation, in subserving such Will, riKses 
from the general to the particular. • 

Anatomy., or the ^ Science of the Structure of Organised 
Bodies,’ is primarily divided into ‘ Phytotomy,’ or that of plants, 
and ^ Zootomy,’ or that of animals. When particular provinces, 
classes, or species of animals have monopolised the time and skill 
of anatomists, such special knowledges have received particular 
denominations; such as ^ Alalacotoiny,’ (jr anatomy of mollusca; 
^ Entomotoiny,’ or aTiatomy of insects ; ‘ Iclilhyokmiy,’ or anatomy 
of fishes; H)i nithotoniy,’ or anatomy of birds, &c. 

A?i animal may l)e dissected in order to a knowledge of its 
structure, absolutely, without reference to or comparison with any 
other, its species being regarded as standing alone in creation. 
The knowledge so gained, from the very limitation of the field ot‘ 
enquiry, may be most accurate and minute, most valuable in its 
application to the roj)air of ac(!ident, the remedy of injury and 
decay, and the cure of disease. Such, e.g., is ^ Anthropotomy,’ 
ortho anatomy of man, and ^ llippotoniy,’ or that of the hoi’se. 
J3esi(les the iiunicrous and excellent works on these s]>ecial sub- 
jects, I may cite the ‘ Traite Aiiatomique de la Chenille du Saule,’ 
4to., 1762, by Ly<)XNi:t ; the ^ Auatome Testudluis Eiiropa^ic,’ 
foL, 1819, by Hojaxus; the ^ Anatoinic Descriptive du Mcdolon-- 
tha irnJffar is, ^ 4:io., 1828, and tlie ^ Anatojnie Descriptive du Chat,’ 
4to., 2 vols., by Stuai s-DiutCKiiiciM ; also, in a])plication of the 
science to art, ‘ The Camel, its Anatomy, Pro|)ortions, &c.,’ foL, 
1865, by Elijah ^^^VL^ox ; as unsurpassed examples of this 
monograpliical kind of anatomical science. As apjdied to Alan it 
is commonly called ^ Human Anatomy,’ and is, in stri(;iness of 
speech, one of the manifold ways of human work. 

But the anatomist may apply liimsclf to a particular organ 
instead of a particular species, either exhaustively in one animal, 
or by tracing such organ or system tlirougliout the animal king- 
dom. The ‘ JS'ciirotoinies’ and ‘ Neurographies’ to wliich JosF/rir 
SwAX, o.g., has devoted a laborious life, the ^ Osteographie ’ of 
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De Blainville, and my own ^ Odontography/ arc examples of 
this way of anatomy, .roim IIunteu assembled the evidences 
of liis labours, in the unique and grand department of his Museum 
illustrative of anatoiny properly so called, in scries according to 
the organ, beginning with the simplest form, folloAvcd in succession 
by the progressively more complex conations of the same organ, 
the series culminating, in most cases, with that which exists in 
the human frame, '^fhe mechanism of the organ is here unfolded, 
and its gradations were compared, to discover its mode of work- 
ing ; and, as ‘ Physiology ’ mainly consists in such determmations 
of functinns or final aim, this kind of investigahon of organic 
^structures inlglit be termed ^ Physiohigi^ial Anatomy.’ * ^ 

‘ Homological Anatomy ’ seeks in the cliaractcrs of an organ 
and part those, chiefly of relative position and connections, tliat 
guide to a conclusion manifested by apjdying the same name to 
such jiart or organ, so far as the determination of the namesakeisui 
or homology has been carried out in the animal kingdom* This 
aim of anatomy concerns itself little, if at all, with function, and 
has led to generalisations of high imjiort, beyond the reacli of one 
who Vests on final causes. It has been termed, grandiloquently, 

‘ Ttansceiidental ’ and ‘ Philosophical ;’ but every kind of anatomy 
ought to be so pursued as to deserve the latter cpitluit. 

A fourth way C)f anatomy is tliat which’ takes a jiarticular 
species in the course of individual devclojiment, from tlie impreg- 
nated ovum, tracing each organ step by step in its evolution up 
to the arliilt condition. It is called ‘ Embryulogy ’ and ‘ Develop- 
mental Anatomy.’ 

A fiftli way of anatomy is that which investigates the structure 
of an animal in its totality, with the view of learning how the 
form or state of one part or organ is necessitated by its limctioual 
connections with another, and how the co-ordination of organs is 
adapted tfj the habits and sjdiorc of life of the species ; Init does 

’ ‘ 'I)f'.SL‘n])tiv(.‘ of the I^Jiysiokvnciil S*ri(.'s of Coni- 

['Jirat ivo Aiuil otny in I Ik- Mnseuia of the lioyal Colli-gfi of Suip'ons/ Uo. 6 voli. 
183‘M840: 0(1. vol. i. 1852. " . 
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not stop here, having for its main end the comparison of these 
associated modifications and interd(3pendencics of organs in all the 
species of animals. As their degrees of affinity and the characters 
and circumscnj)tion of natural groups are hereby illustrated, this 
way may be termed ‘ Zoological Anatomy.’ 

In the hands of the anatomist the micr(»scope has been mainly 
applied to the constituent parts of an organ, called ‘ tissues;’ and 
the results of such research, combined with those of chemical 
tests, constitute a sixth sort of anatomy called ^ Histology.’ It 
has been termed ‘ Microscopical Anatomy,’ d)ut this is essentially 
only a more reiined method of tlie scrutiny of‘ organic parts. In 
r"() far, however, as ^IlisVdogy’ treats of structure according to . 
the jiroximate tissues common to dlHerent organs, it corresponds 
with the branch of the scieued which Bichat, its founder, called, 
loosely, ^ Anatomic Gencrale.’* 

Filially, a seventh way in which the lugliest generalisations in 
biological science may be aimed at is that which is taken when 
wii pursue iivvestigations of form and stnicturc beyond the animals 
that are to those that /lave henu Here, however, the anatomist 
is limited, as a rule, to such tissues and organs as are petririable, 
e.g., corals, shells, crusts, scales, scutes, hones, and teeth ; biif he 
has been stimulated to a degree of minuteness and accuracy of 
observatinn in this field of research to which few' of the other 
w^ays and aims w'oiild have led him. In a])j)lying the results of 
such researches to the restoration of extinct sjiecies, physiology 
has benefited by the study of the relations of structure to function 
requisite to obtain an insight into the food, habits, and sjdiere of 
life of such species; and zoology has gained an immense accession 
of subjects tbroiigli sucli determinations, with improved systems 
of classification due to the expanded survey of organic nature 
opened out by ^ Palivontology.’ 

The wT)rd ^ Anatomy ’ is still commonly used to sigriifj’* ^ Anthro- 
potomy,’ or MI uman Anatomy.’ Almost all begin tiie study of 
the science, as medical students, with the dissection of the human 

* Analoiiii'* ta^Jicnilo, appliquee a la riiysio]o;>io, &(•., 8vo. ISOl. 
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body, and most end there ; but no special anatomy can be rightly 
and fully understood save ’on the basis of the general science of 
which it is an integral ])art. The reason lies in the diversities of 
organic striu^ture being subordinated to a ])riiiciplo of unity. Of 
this prin(:*i])le, apprehemlcd as an ^ idea’ or truth of reason, the 
undcrstandlug receives evidences in nunlber and comjn-ohon- 
sibility dift'ering in different natural groups of the animal king- 
dom. Illustrations of the ^idca’ will be found in the chapters on 
the Artifndate Province and other parts of the ‘ Lec^tnres on In- 
vertebrates,’ and, ill accordance with the present phase of ana- 
tomical science, more abundantly in the ))r(\seiit Work, Trinj it is 
^Ihat in the first stops to organisation we^eenn to sec a tendency to^ 
disintegration, to a reduction of the primary whole to the siih- 
ordinatc characters of a part. The first (xnitre of sarcodc?, or 
nndifterenced organic matter, however originated, yet with de- 
finite tendencies to formal character and course of growth (as in a 
Fonuninifor, e.g.), buds fortli a second coiitre of vlentical iwiture; 
this a third, and so on, until a group of sucli exists s*.s an assem- 
lilage of colujrent homogeneous or like \)iu:U» '.riiese, if clotlied by 
a delicate crust of cliara(!teristic structure, constitute a chambered 
shell, straight, hont, or s|>iral, each chamber occujilccl by the 
same vital sarcodi’, outsliooting iilamentary food-getting processes 
tliroMgli the shell-pores; in whieh seeming eomplexity the inci- 
pient unity or ‘ Avliolc’ is reducc<l to the ^ liart ’ called Innermost 
chamber, or is concc?\\al)le as a lesser whole in the larger one. 
The Annclides otlor a familiar cxam|>le of such repetitions of a 
primal complexly organised whole, by successive buddings in a 
linear direction ; the nerve-centre, the muscles, the skeleton-seg- 
ment, perhaps heart and gills, being regularly repeated in each, 
and thereby reducing the original whole to one of many parts of 
a segmented unity. 

Almost 'every organ in the progressively diflerenced organism 
initiates itself under a similar character of irrelative repetition, 
suggestive of operance akin to that of inorganic polar growths, as 
in a group of crystals, wherein each exemplifies the charactera 
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of the mineral or erystallinc species^ but is subject^ like vital 
growths, to occasional malformation. • 

As this {)?*iuci})le of growth by multiplication of like parts is 
manifested more commonly and extensively in plants, it is illus- 
trated in the ‘ Invortebnite Volume’* under the term ‘ Vcfretativc 
llepetition.’ In the vertebrate series it is exemplified by the 
hundreds of similar teeth in the jaws of many of that low class 
(Pisces) in which true dentinal teeth first appear in the animal 
kingdom. The numerous and similar many-jointed terimiial divi- 
sions of the pectoral limbs of tlie fishes thence called ^ Kays,’ the 
multiplied ■similar cndoskeletal segments of the vertebral column of 
V these andotliercartilagin HIS fishes, of muranioids and serpents, are 
likewise lingering exemplifications of the low irrelative principle 
of develojaiient. 

In the verteliral embryo the first appearance of the |)artsof the 
skeleton, in gristle or bone, is a segmental one ; in fishes tlie mus- 
cular svstehi sln)\vs much, and iu all Vertel)rates a little, of the 
like segmental conslifution of the trunk ; the same idea is suggested 
by the symmetrica! and ])arial origins of the nerves, and phy- 
siologists Jaive mentally recognised a corresponding segmental 
condition of the inyclon or spinal chord, wlilch is visibly exem- 
plified iu certain fishes. Hut these npp(aii-a.nc(‘s a)*e concealed by 
the general tegument ; notexi)osed, as in the .Vrticulates, in which 
the segmented skeleton is at the same time tegnment. A Verte- 
brate may be defined as a clothed sum of segments. lint in tins 
highest province (if tlic animal kingdom growth by repetition of 
parts rapidly gives jdace to tlie higher mode of dcvclo])ment by 
their differentiation and correlation for definite acts and complex 
functions. Nevertheless, I am constrained by ovidenee to affimi 
that in the vertebrate as iu the invertebrate series there is mani- 
fested a principle of' developinent through polar relations, work- 
ing by repetition of act and liy multi|}lieation of liko'parts, con- 
trolled by an opposite tendency to diversiiy the construction and 
enrich it witli all possible forms, proportions, and modifications of 


Op. i‘it. ‘2nfl od. p. ijn. 
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parts, conducive to the fulfilment of a pre-ordained purpose and 
a final aim: these opposite \yet reciprocally complernental factors 
co-operating to the ultimate result, with different degrees of dis- 
turbance, yet Avithout destruction, of the evidences of the typical 
unity. ^ 

Thus, the dentition of Vertebrates will be seen to pass from 
irrelative sameness and multitude to the state in wliich the teetfi 
in the same jaw arc classed according to diversities of form and 
function, *and Avhere each tooth has its own character, bears its 
own name and symbol. 

In like mariner may be traced the gradations by Avhich the 
j^^ermiiial divisions of the limb ascend froiti the multitude of many * 
jointed rays, swathed in a common sheath of integument, to indi- 
vidual freedom, Avith reduction of number and of joints, and Avith 
a s[)e(nal foi’iii and action ; according to which each digit in the 
human hand, e.g., has its special name and symliol, and can be 
(*.ombined in action with any other digit for a particular piu'pose. 
The same principhy, through reduction of number with difieren- 
cing of the parts, is exenijilifu'd by the fact that the competent 
antlirbpotomist will distinguish and name each of the four and 
twenty ‘ true vertebra^,’ of the human skeleton. 

In the Mammalian class tbonj are four muscular pulsatile 
cavities (a)ncerucd in tlie propulsion of blood; Init they diffm* Ironi 
those cavities in the Annelide, in each having its own special 
structure and powers, and being in sucli relation with another 
cavity that the whole can combine to eflect two coin])lete but 
mutually related systems of circulation, the four })ulsatile cavities 
constituting one coin})lex and perfect ‘ heart.’ The ox has four 
bags for the digestion of food ; but they differ from those cavities 
of the Pohf(jastna, not only in their minor number and more de- 
finite slriicturo as bags, but by each ])erfonning a distinct part in 
the process? of digestion, and combining Avith the rest, in mutual 


^ This idea will bo found inoro fully cxompliiied in my work, ‘ Pnneipos d'OsttWdo* 
gio Compar^e,’ 8vo. (Paris) 18oo, p. 386, et teq. 
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fc^ubserviency, to the completion of tlic most perfect act of that 
function, the conversion, namely, of grass into flesh. 

Thus, in tracing through the animal scries this course of parts 
and organs, we pass from the many and the like to the few and 
the diverse. 

A ‘ homologuc ’ is a part or organ in one organism so answer- 
ing to that in another as to require the same name. 

Prior to 1843 the term had been in use, but vaguely or 
wrongly.^ ‘Analogue’ and ‘analogy’ were more commonly 
ciUTcnt in anatomical works to signify what is now definitely 
meant by ‘ liomi)logy.’ But ‘ analogy ’ strictly sigiiilics the 
resenildance of two lhir,gs in their rcIatio]i to a tliird; it im- 
plies a likeness of ratios. An ‘analogue’ is a part or organ in 
one animal which has the same function as a j)art or organ in 
another animal. A ‘ liomolognc ’ is the same part or organ in 
dilierent animals nnder every variety of form and function. 

1ji ^ tlie vohins (Vol. 1, fig. 1(>3) the fore-limbs are 

‘homologous'' witli the wings of tlie binl (Vol. 11. tig. 1); the 
])ara(‘liute is ‘ analogous’ to them. 

Relations of liomology arc of three kinds; the first is that 
above defined. W'hen the ‘ basilar jnwess of the ()cci])ita.l b«)nc ’ 
in jNIan is shown to ans>ver to the distinct bone called ‘ basioc- 
cipital ’ ill tlic fish, the sperial UomohKjp of that anthropotomieal 
])rocess is determined : as sucli homologies arc multiplied, tlie 
evidence grows that man and fish arc construeted on a common 
tyj)c. 

A Avlder relation of homology is that in Avhieh a part or series 
of parts stands to such general type. "When the ‘basilar ])roccss 
of tlic oecipilal bone ’is determined to be the ‘centrum’ of the 
last cranial vertebra, its fjemeral liomolnfjij is enunciated. 

The archetyjie skeleton rcjirescnts tlie idea of a series of 
essentially similar segments succeeding each otlier ifl the axis 

‘ ‘ L<'.s <}<:s sens soiit comnui s’exerinierait la pliilosopliie 

alleiniiiide ; e’est-u-diiv‘, quMls sonl- aiialo‘5ii<\s dans lour , mode de developpement.’ — 
OeoftVoy St.. Hilaire, Anaales rks Nat., tom. xii. lS2o, p. 3 tl. 
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of the body ; friucli segments being composed of parts similar in 
number and aiTangement. , Accordingly, a given part or appen- 
dage in one segment is repeated in another, just as one bone is 
represented in the skeletons of different Vertebrates; and this 
representative relation in the segments of the same skeleton is 
‘ serial liomology.’ • As, however, the parts can he iiamc'sakes 
only in a general sense, as ^ centrums,’ i^ibs,’ &e., and since they 
must be distinguished by special names according to their special 
rnodilicatjons, as ‘ basioceipital,’ ^ mandible,’ ^ coracoid,’ ‘ liiimorns.’ 
&c., I. have calhid sncli serially related -or repeated parts ‘ homo- 
types.’ The basioc(*ipilal is the homotype of the l)asis])hcn()id, 
and the hnmerns is the homotvpe of the femur: when ihe basi- 
1)C(*i [vital is shown to repeat in its ‘ vertebra ’ the element w hich 
the ‘ odontoid process ’ represents in the snccecvling vertebra, or 
the liasisphenoid in the preceding one, its ‘ serial homology ’ is 
indicated. 

The extent to wlilch serial homologi<‘S can he .determined 
shows the degree in which vegetative rcpetjtion* prevails In the 
organisation of an animal. 

The study of homologies is comparatively recent ; miieh of this 
field of research remains for future cnltivfitors, especially in 
regard to the innscular and nervous systems, 

\Vheii engaged in the ‘ third w^ay ’ of anatomy, and in making 
know^n the results of such labour as applied to the skeleton,^ I 
found a great impediment in the want of names of bones. For 
tliese, when first studied, had been mostly described under phrases 
suggested by forms, proportions, or likeness to some familiar 
object, which they j)resont in the luiman body. A reform of this 
nomenclatnre was an essential first step, and it is gradually 
making its way against the usual impediments. 

The best workman uses the best tools. Terms arc the tools of 
tbctoaclier; and only an inferior band persists in toiling with a 
clumsy instrument when a better one lies within his reach. But 
Mie lias been used to the other.’ No doubt; and some extra 

' On tlu; Arclx'fypo and ITomolo^^ieu of the Vertebrate Skoloton, 8vo. 1818; tind 
On tlic Naturti of Limbs, 8vo. 1819. 
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practice is necessary to acquire the knack of applying the new 
tool. But in this acquisition a sm«all capital of trouble will have 
been invested witli a sure return of large profits. A single sub- 
stantive term is a better iustrunient of thought than a pjiraplirasc.^ 
But the substitution of sucli terms for definitions is still more 
advant;-.geous when they arc susceptible of becoming adjectives by 
inflection. Thus the term ^notochord’ for ^chorda dorsalis ’or 
‘dorsal chord’ enables one to predicate of species or groups of 
vertebnitcs as being ‘notochordal;’ that single epithet implying 
that the embryonal bodyin question is, in them, persistent. A 
like advantage cleaves to ‘inyelon’ for ‘chorda spinalis’ or 
‘ spinal chord ?’ the Physiologist, e.g., (*an then s])cak of ‘inyeloiial 
functions,’ and tlic Pathohigist of ‘niyclonar disease, witli the cer 
tainty of being understoo<l to signify properties and aflcctions of 
the ‘ sjiinal chord;’ not, as in ‘spinal disease,’ that of its case, or 
‘spinal colninn.’ In regard to the part so called and its con- 
stituent ‘ yertebne,’ their modifications arc so many, so cliai'ac- 
terisfic, so important, especially in the application of Anatomy to 
Pala>ontoldgy, tliat I was early eornpclled in tlic latter kind of 
labour to substitute single pliable terms for the phrases ‘ trans- 
verse process,’ ‘oblique’ or ‘articular process,’ ‘body of the 
vertebra,’ ‘ vertebral lamina,’ ‘verteliral rib,’ ‘sternal ril),’ &c., 
by wdiich the parts of the ‘ vertebra ’ w ere then dcsigmitod. 

But the single names of parts and constituents of tlic skeletal 
segment called ‘ osteocomma ’ or ‘ vertebra ’ luive not merely the 
advantage above illustrated, as Avhero the adjective ‘neurapo- 
physial’ can be applied to a ‘ ridge,’ noteli, or ‘ foramen,’ in the 
.vertebral lamina (nciirapopliysis) ; the vertebral terminology in 
use in tlie present Work indicates a profound triitli wliich is 
hidden by the language <»f anthropotomy. The t(M'ms ‘ pleur- 
apophysis’ and ‘ hcemapophysis’ imply parts of the segment corre- 

* * Superoccipifal,’ for *parB occipitalis stricto sic dicta partis occipitalis ossis 
8ph(.!jio-occi]>iUilis’ of the oinincnt aiitI]i’«>potoT«ist >S()E\DtKaiN(K (Sco Tarie of 
Synonyms, &e., appended to Vol. II.) Similarly, in the pros<-nt Wr»rk, 1 use the word 
* A^-rtcLrure ’ as a suhstautivc. 'VVft cIo not speak of a ‘ Coiifedoraf e * animal, and the 
added word is as mmecesaary in regard to the ‘ Vertebrate ^ one. 
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lativc in independency of jlevelopinent and elemental grade with 
the ^ neiirapophysis/ — a fact "of high generalisation not only 
ignored but impliedly contradicted by the reckoning of the 
‘ vertebral rib ’ and the ^ sternal rib,’ or ‘ rib-cartilage,’ as bones 
distinct from, and countable with, that which the anthropotomist 
equally holds to be a single bone injdcr the name ^ vertebra.’ 
Furthermore, as each distinctly recognisal)lc part or thing must 
have its verbal sign, for the purposes of intelligible ])redicatioii of 
its nature and qualities, the course of knowledge of the vertel)ral 
column would have enforced the origination of such signs irre- 
spective of the abstract need of improving the mental tools of 
anatomy. 

When it came to be discovered that ‘ the transvei'se |)rocess 
of a cervical vertebra’ was other, and move than, as well as 
formally different from, the ‘ transvcr>se ju’oeess of a dorsal ver- 
tebra,’ and that this process was a different thing from the 
‘ transverse process’ of a ‘Ininbar’ or ‘ sa^mr Vertebra, Ihe re- 
sidts of such analysis necessitated the creation of a correspondent 
nomenclature. 

‘ Transvc'rse processes,’ as such, arc, as Johannes ]\IfLEER 
first poi)it(Ml out, of two kinds; they arc, in relation to hori- 
zontally disposed vertebrates, ‘upper’ and ‘lower’ — in our no- 
menedature, ‘ diapophyscs ’ and ‘ parapophyses.’ Both kinds exist 
in tile ‘ trans\erse processes’ of the neck Irom the crocodile 
upwards ; and the seeming unity of tbe outstanding part in 
birds and mammals is caused by the soldering thereto of a third 
element — the ‘ cervical rib ’ of the herpetotonuKst, the ‘ styloid 
process’ of the ornithotomist.* 

lleferring to the ‘ Introductory Chapter ’ of the ‘ Archetype 
of the Vertebrate Skeleton,’^ for further illustrations of the 
advantage of single well-defined terms, I will here only show 
how such advantage may be affected by reason of an unsettled 
definition. 

The anatomical tenii ‘organ’ has diverse vsignifications. The 


’ Macjirtnoy. Art. ‘ Birds,’ Boos’ Cyolopiodia. 


» Op. cit. 
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chief constituent idea is ‘ work for a special end tluis, the heart 
is the ‘ organ ’ of circulation ; the' lungs, the ' organ ’ of respira- 
tion ; tlie liver, the ‘ organ’ of bilificalion, &c. But also, incipient 
stages in the develojancnt or formation of parts are called the 
‘organs' of such; e.g., the periosteum is the ‘organ of bone,’ 
the pulp is the ‘dentine organ;’ other parts of the growing 
complex tooth arc the ‘ enamel organ,’ ‘ cement organ,’ &c. The 
parts in which indepcndoJit cells, with special powers, originate, 
arc also called the ‘organs’ of such ; as, e.g., the ovary is the 
‘organ of ovulation;’ the testis the ‘organ of semination.’ It 
is obvious, however, that the part which the more or less con- 
densed cellular basis, or ‘ stroma,’ of the ovary or the testis may 
take in the production of tlie germ-cells or spenn-cclls and sperma- 
tozoa is very diflerent from that which the heart perforins in the 
motion of the blood, or the lungs in the mutation of the air 
inspired. 

Zoological aufttomy is now an iudispeiisable instrument to the 
classifier, If hot to the determiner, of the species of animals. The 
anatomist properly so callcil, but conunonly (pialified as the 
‘ comparative ’ one, makes known the results and applications of 
his comparisons of structure in zoological as avcU as homologi- 
cal or anatoinical works. The ‘ Rcgne Animal ’ an<l the ‘ Jj(*foris 
d’ Anatomic Comiiarce’ of CuvrKU exemplify these different appli- 
cations and ways of exposition of his science. 

As a zoologist or classifier, the anatomist avails himself of the 
definite, modification and full development of* a part or organ, in- 
dicating, and predicating of such conditions by special terms, 
for the required characters. The ‘ fin,’ the ‘ hoof,’ the ‘ paw,’ the 
‘ foot,’ the ‘ hand,’ are to him so many kinds of liinlis, the presence 
or absence of which serve to differentiate his groups ; anthropo- 
toinical terms of parts of the brain reaching their full and cha- 
racteristic development in Mammals or in Man, e.g,, ‘fornix,’ 
‘ corpus callosum,’ ‘ hipiiocampus minor,’ ‘ posterior cerebral lobe,’ 
&e., serve and are used, al)solute1y, for the same end; so likewise 
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with regard to special fomis and proportions of teeth indicated by 
the terms ^ canine/ ‘ carnassial/ ‘ tusk/ &c. 

The absolute way in which the things or characters so desig- 
nated are affirmed or denied in zoological definitions is essential to 
their ])urpose. 

Amongst the cliaraeters by which CU-:viEU differentiated the 
hoofed quadrupeds which he had restored from their frag- 
mentary fossil remains in tlie building-stone of Paris, the most 
important in his estimation was ^the presence of canines^ in 
one {Pal(cothemim)^ their absence in the other {AnoplotlieriamY 
IS'evorthelcss, Ilomologicaxl Anatomy easily indicates in the scries 
of nine teeth in the ‘ morceau de conviction/'^ on which the 
character was founded, the teeth answerable to those which, 
l)ccausc their pointed crowns prqjceted beyond their neighbours 
in tlie PaUcotherc, were called and characterised as ‘ canines,’ 
Now licre xvas a temptation to an aspirant to scientific notoriety 
‘to meet’ the great anatornist ‘by a flat. coinVadiction/ and 
‘ affirm that the Ano|)l()therium possessed canine teeth/ I allude 
to such abuse because, of late, a practu^e has been creeping 
in, to the op])robrium of some of our English zootornists, of repre- 
sciitiiig a zoological definition of a part winch an anatomist may 
have given in a classificatory xvork, as the exponent of his liomo- 
logu'al knowledge and descrijitions of such part in its various 
modifications and grades of development. 

, CuviEU, in his characters of the order Blmana^ aflinns that 
J^lan is the only animal possessing ‘hands’ and ‘feet:’ — 
‘ L’liommc cst le seul animal vraiment himane ct hipMe'^ The 
Quadrumana arc distinguished as having ‘ hands’ instead of ‘ feet/ 
a '‘ hand’ being defined as having the thumb opposable — ‘ le pouee 
libre et opposable aux autres doigts, qui sont longs ct flexibles.’'* 

The aim of the author in the zoological work above cited xvas 
to impart obvious and easily apprehended differential characters 

* ‘ Lc plus important fut celui qui m'apprit quo eottc espece n'a point do dentii 
ciininos .’ — Recherches snr les Osmnens Fossiks^ 4to. 18'22, torn. iii. p. M. 

* It>id. s ]^i;gne Animal, tom. i. p. 70. • 1829. * Ibid. p. 
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of the organ which observation had 8|,iown to define the groups. 
The naturalist, tliiis enabled to place his subject in its proper 
class or order, is not concerned, as such, in knowing the homo- 
logical or transcendental relations of tlie i>art or character which 
has afforded him the means of effecting what he wished to do. 

Linn.kus, to whom mainly is due the discernment of the power- 
ful instrument of w'cll-defined terms in acquiring a systematic 
Science of Nature, anc^ to whom we owe our best knowledge of 
its use, so named the guiding parts of plants and animals, for such 
arbitrary or special application, in botany and zoology : to this 
end he differentiates the ^ bract,’ the ‘spath,’ the ^ sepal,’ the 
‘ })etal,’ from the ^ leaf,’ as things distinct. 

What would bo thought of the botanical critic who, quoting the 
definition of the ilowors of Cyperaccous plants, as consisting, for 
example, of ^ glumes,’ should meet the slateniont by affirming that 
they Avere / nothing but Httlo bracts,’ and who, then, with a show 
of pri)fonnder fcsoarcli, should proceed to cxi)Ouiul the " bract’ as 
being the first step by Avhicli the common leaf is changed into a 
floral organ ? The answer is obvious. lint Avhat next might be 
said, if it Avcrc pointed out that the objector had obtained this 
very notion from the Prolepsis Plaiitarum,’ or other homological 
writings of the author criticised, wlieve such philosophical coii- 
siderations, foreign to tlie classificatory work, Avere the proper aim 
and object? )So, with regard to the zoological definitions and 
characters of Cuviek. Those whic.h 1 have cited are open to tlie 
opposite averment that, ‘ Tlio hind hands ” of tlie Qiiadriimana 
arc nothing but feet ; ” ’ and the contradictor might then jiroceed 
to demonstrate, with much sliOAVof original research, the homology 
of the ^ astragalus, calcaiiemn,’ ‘ ciiboides,’ ‘cuneiform bones,’ 
&c., in order to establish his discovery that a hand and foot arc 
all one. 

It is true that if the homological descriptions in the ‘ Lemons 
d’ Anatomie Comparcc ’ had been quoted, as avcII as the zoological 
definitions in the ‘ Rcgnc Animal,’ the immortal author of tlie 
latter Avork would be shown to have had previous possession of 
the jiretendcd disqrfrcry. Moreover, in the ‘ Cinqiiiemc Lejon, 
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Articles VII.-IX. ^^Des os du pied,”’* the frame of the hind 
feet of Man, Ape, Lion, Seal, Elephant, &c., is shown to consist 
of liomologous bones. Nevertheless the great zootoniist, in his 
labour and character as zoologist, does not hesitate to define and 
difterentiate the ‘ foot,’ the ‘ hand,’ the ‘ paw,’ the ‘ fin,’ and tlie 
^ hoof,’ respectively : nor does he deem tjie demonstration of the 
unity underlying the diversity to make the ^man’ an ^ elephant’ 
or a ^ seal,’ any more than it makes him a ^ dog ’ or an ape ’ ! 

The ^ corpus callosum ’ is defined as ‘ a horizontal mass of trans- 
verse fibres covering the lateral ventricles, and exposed by divari- 
cating the ccrehral hemisplieres.’ If a group of mammals want 
such commissural fibres, and another group possess tliem, the 
classifier will avail himself of a well-defined term expressing such 
diffcreiKJC, without prejudice to his reception of any liornological 
determination of the parts, or their rudiments,^ in anatoinieal 
works of the applicr of the term. 

Only by ignoring such indication of tlie / rudimcntal i>.oin- 
mencement of the corpus callosum,’ may a semblance of superior 
knowledge be assiiinoAl by him who asserts, as an antagonistic 
proj)0.sition to an affirmation of its absence as a zoological cha- 
racter, tliat the Marsuplalia, e.g., do possess the ^ great com- 
missure,’ or ^ corpus callosum,’^ 

So likewise wdth other w^ell-defiried parts of the human brain, 
the homologues of which may not be traceable to the same extent 
down the mainmalian scries. Kuhl, e.g., in Ateles IMzehutk ;^ 
Tiedemann in the Macaque'’* and Orang,^" Van der Kolk and 
V.UOLIK in tlie Chimpanzee,’’ and myself in the Gorilla,® had 

* Logons frAnal:. Compario, toI. i. 1799. 

“ As ^ivon in the ‘ Philosophical Transactions’ for 1837, p. 41. 

® Proceedings of the Royal vSociety, No. 7*2, and March 23. I860. 

* Reit riige zur Zoologie iind voi*gleicliendeu Anatoinie, 4to. 1820, zweite. Abtheilung, 
p. 70, 'I'lif. vii. 

^ leones cercDri Simiarnm, fol. 1821, p. 14, fig. iii. 2. 

® Trcviraniis, /eit.sclirift fiir I*liy.siologi»», Bd. ii. S. 25, Taf. iv. 

’ Niciiwe Verliaudlingen dererste Klassc van hot Koiiingl. Ncderlandseliolnstituuf. 
Amsterdam, 1849. 

* Fullermn Lectures on Physiology, Royal Institution (March 18, 1861); reported, 
with copies of diagrams, in ‘ Athenwnm,* March 23rd, 1861, p. 395. 
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severally shown all the homologous parts of the human cerebral 
organ to exist, under modified forms and grades of development, 
in Qnadnimana, But because the presence or absence of the 
‘ergot,’ or ‘pes hippocampi minor,’ as defined by Tiei)K3IANX 
(see Vol. IL p. 273 of the present Work), liud been used as a 
zoological cliaracter, the anatomical world has been deluged, since 
tlie date of the last undcr-cited 3Vork, with descriptions and figures 
of the liomologous part in the Orang and other Quadrumana, as a 
new discovery mainly serviceable as a battery of contradictory 
affirmations. 

Nevertheless the distinctive characters of the human brain, such 
as the manifold and coinjilex convolutions of the cerebral heini- 
spheres, their extension in advance of the olfactory lobes and 
farther back than the cerebellum, thereby defining a })Osterior 
lobe, with the corresponding ‘horn of tlie lateral v(mtriele’ and 
‘ hippocampus minor,’ are as available to tlie zoologist in classifi- 
cation as are ' the (j^puilly peculiar and distinctive characters of 
the calcancum, hallux, and other structures of the foot. 

So much, in connection with the ‘ fifth way’ and application of 
anatomy, I regret to find myself comjielled to state, in order to 
expose and stigmatise procedures which consist in representing 
the homological knowledge and opinions of an author by his de- 
finitions ill a purely zo<dogical work, and in supjUTssing all re- 
ference to the descrij)tions and statements in the anatoini(!al 
Avritings of the same author, where his act.iiid knoAvledge and 
opinions on the nature and homology of parts arc given, and 
where alone tliey can be expected to be found. 

Somewhat analogous to the course of olisei'vation jiursucd 
througli the animal kingdom, from the lowest to the liighcst 
sjiccics, is that Avhich traces each organ through the several 
phases of its development in the same species. 

The right use of sense, in both Avays, stores the understanding, 
empirically, Avith a series of facts, as the r’aAV material for reasoning 
up to their principles. But Embryology lias this inferiority, that 
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evety species is such ah initk)^ and takes its own course to the full 
manifestation of its specific cluiracters, agreeably with the nature 
originally impressed upon the germ. 

A ])ercli, a newt, a dog, a man, does not begin to be such only 
when the embryologist may discern the flawiiings-of their respect- 
ive specific characters. Tlie embryo dem^jl its nature, and the 
potency of self-development according to the specifics pattern, from 
the moment of the impregnation ; and cacli st(*p of development 
moves to that consummation as its end and aiin. 

This truth lias been masked to some aj)prchensi()iis by the 
course of the de\ el()pinental steps from ^thc general to the par- 
ticular; tlic initial ones, more especially, oftering likenesses or 
analogies to finished lower species oxemi>lifying degrees of organi- 
sation ill the animal kingdom. Each stop ilificrs in degree of 
tlitterence from the analogous grade at whiiih a lt>wer sjiccies rests, 
and inversely as the advance of such siiecios. Accordingly, the 
less the degree of ditference, and the ivider .the rVsemblauce or 
analogy sjireads between the embryonal phas(3 and the parallel 
grade in the series of species. 

The formation of the germ-mass (Vol. I. figs. 1-4, 422,452) — 
the first step after impregnation — is a general phenomenon in 
animality (Vol, ^ On Invertebrates,’ figs. 48 -50, 7.‘), 80-84, 

181, 209 -212,232); thereat and thereby the inau resembles and 
liehaves like the monad,^ But, tlie genn-mass coinploted, the 
vertebrate at once ciniumscribes itself or withdraws into its 
vortcbrality. The [irotoine substance is the seat of a chemical 
(llft'erciiciiig, leading to excess of albumen along one tract, 
balanced by excess of gelatine along a parallel tract. Tims are 
laid down the bases of the inyclencephalon and vertebral axis. 
The ‘ notochord ’ is soon followed by the protoveitebral specks 
in double parallel series (Vol. T. fig, 5; Vol. II, fig. 133); the 
embryonal trace is established, and it is one of a vertebrate. 

The formation of neural and haemal arches next folloAvs ; and 

' Compare the above-cited figures with fig. 17, ‘ Lectures on Invertebrates,’ 2nd 
rO. p. 29. 
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the phenomenon of the appearance r of the latter, in which the 
blastcinal is accompanied by a vascular areli, witli clefts inter- 
vening between contiguous arches, especially at the fore part of 
the embryo, has led to the idea that a re]>tile, bird, or mammal, 
is a fish before it becomes what it is tending to. True it is, that 
the embryos of these air-breathers float in fluid, and not any of 
them breathe the air until birth or exclusion, or near to exclusion; 
but they do not breathe water: the oviparous air-breather has one 
kind of temporary lung, the maminiferoiis embryo another kind, 
each alike special to the class* From the vascular loops accotn- 
])anYing the hiemal arteries branehue are not developed ; one only 
of the interluemal fissures is deepened on each side, brought into 
communication with the pharynx, and straightway converted into 
the ^ custacliian tube,’ according to the precocious rate of grow’th 
and development characteristic of the special organs of sense 
and their appendages. No true branchial or piscine breathing 
apparatus is tit any time, or in any degi*ce, manifested in tlie 
embryo of an air-breathing vertebrate. The deepening and open- 
ing of several interhannal fissures in the embi'yo of a perch, and 
the subsequent course of development therewith of gill-arches and 
gills, with their subservient mechanism of brauchiostegal rays and 
the opercular lid or door, are as distinctive manifestations of the 
original nature of the fish, as is the vascular lining of the egg that 
of the bird, or the vascular arrangement for borrowing breath 
from the mother that of the foetal mammal. 

At the inei])ient stages of these ])rovisional and deciduous 
respiratory conditions the circulation in tlie embryo lizard, fowl, 
beast, is like that of a fish in its simplicity ; but, as Treviuanus' 
rightly remarked, it is far from being identical ; there are, indeed, 
characters of the circulating organs at this grade of simplicity, 
which not only distinguish the embryo of the air-breather from 
that of the water-breather, but also the embryo of the mammal 
from that of the bird or reptile ; so soon is the course of deve- 
lopment affected by the specific taint I 

* G. 11. in ‘Zcitsclirift fiir Pliy«if>logif/ vol.iv, ; und ' Edinburgh Nfw Plulosopliical 
Journal,* 1832, vol. xiii. ft. 75-86. 
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Marked deviations from the archetype characterising existing 
species are directly approaclicd in the progress of development. 

If, as, c.g., in a thoracic or jugular fish, the position of the 
pelvic limbs deparls from tlie typical one, tliese limbs bud out in 
the embryo in that sj)ecial and anomalous place. When a hlglier 
species departs from type by a thoracic position of tlie sca|)uhir oi* 
occipital limbs, they likewise bud out in'^ch special position. In 
both cases the hiemal arch, sustaining such appendages, is libe- 
rated from the rest of its segment for the special needs of the 
species, and the embryo of such never shows it fixed. At most, 
perhaps, the general character and typical connections may be 
indicated by the closer contiguity of the detached scajmlar arch to 
the rest of its jjroper occipital segment; as, c.g., in the embryo of 
birds and long-necked ruminants, to be removed to a distance 
determined by the later growth of the series of vertebrie inter- 
vening between head and chest. 

To infer from such (levelopmontal j)henomena/hat tlie Uiroat- 
fins of the cod are not the displaced honiologucs of the hind legs 
or pelvic limbs of air-breathers, and that the fore-legs of such are 
not the homologues of the typically situated and connected scapu- 
lar limbs of fishes, is an abuse or misuse of the empirical facts 
ascertained by observation of embryonal phenomena. 

In like manner the developmental phenomena of the skull of 
an avian and mammalian species, succeeding those that broadly 
and intolllgibly murk out the four pairs of neurapoiihyses and 
corresponding haemal arches, plainly indicating the segmental or 
verteliral type of the skull, depart therefrom to attain the par- 
ticular character of the face and mouth of the species. After 
the first budding indications of the halves of the maxillary (fore- 
most cranial ha?mal) arch, the development of ir, as upper jaw, 
with that of the palate, pterygoid, and zygomatic appendages, 
obeys the*impress of impregnation, and proceeds directly to es- 
tablish the specific characters of such jaw iu*the particular bird 
or beast ; tlie points of ossification, their deposit in membrane or 
gristle, and subsequent growth, having no other or deeper signifi- 
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cation. If a species be gifted with acute hearing, and the move- 
ments of the ear-drum require several ossicles, these, like the 
labyrinth, grow to full size in the embryo, api)ropriating the 
blastema of the contiguous haemal arch, and proportionally re- 
ducing, by arresting the development of, the pleurapophysis of 
such arch. The inlicrited tendency to a special or specific form 
which thus influences early develojanents and growth of pai‘ts has 
misled some who have mistaken such for homological or archetypal 
characters. But the determination of these characters is arrived 
at by other routes of research ; and, so readied, such detennination 
serves to explain many of the phenonieiiM of development which 
otherwise would remain 'as mere empirical facts. 

Embryology, e.g., shows that in the human f etus the sternum 
is developed from a scries of ossific centres (Vol. II. p. 555, fig. 
364), whilst the co-articulated clavicle — as long a bone — is de- 
veloped from a single ossific centre, and a contiguous rib, though 
of greater length, is^ also hardened from a single ossific centre ; 
but embryology affords no explanation of the reason of such dif- 
ference. That is afforded by a knowledge of the archolype 
skeleton, which teaches that the sternum — reckoned as a single 
bone in anthropotomy— consists of a series of vei-tebral elements, 
but that the rib and the clavicle arc single elements. 

Embryology shows that the canon-bone of a ruminant, re- 
cravdod as a single bone by the veterinarian, is developed from five 
ossific centres; two on the same transverse line near the middle, 
one on the upper, and a pair which soon coalesce at the lower end. 
But no clue is afforded to the signification of these sevenit cen- 
tres : embryology is no criterion of their homologies ; these are 
determinable on other grounds or ‘ ways of anatomy.’ 

A knowledge of the ^ Nature of Limbs,’ derived from homolo- 
gical studies leading to a recognition of the arclietype, could alone 
determine that two only out of those five centres rei)resent dis- 
tinct bones in the typical pentadactyle foot of the mammal ; the 
rest having no such signification, but serving to perfect the ulti- 
mate growth as ‘ epiphyses.’ So likewise with the collar-bone 



PREFACE. 


XXV 


and rib. At a period long subsequent to the deposition of the 
first centre of bone, a second appears at the sternal end of the 
Iminan clavicle, and two are added to complete the head and 
tubercle of the rib, the shaft of Avhich had been ossified by growth 
from a single centre. 

Recognition of the archetype skeletm^ehicidates the empirical 
facts of embryology, and teaches us to distinguish between the 
points of ossification of a bone in a higher vertebrate which sig- 
nify or answer to l)ones that retain their distinctness in lower 
vertebrates, and the points of ossification which merely help out 
the growth or have their final purpose in the exigencies of the 
young animal. A Iamb or foal, e.g., can stand on its fore legs 
shortly after it is born, and soon begins to run and bound. The 
shock to the limbs themselves is broken at this tender age by the 
cushions of cartilage at the ends of the shafts, and which continue 
for some time to be interposed between the ‘ epiidiyses’ and ‘ dia- 
physis,’ The jar that might afte(‘t the largp and pulpy brJiin or 
the immature man is similarly diffused and iiiterce])ted by the 
^ cpiidiysial ’ extremities of the vertchral centrums, 

8iich final purpose in the several centres of ossification of the 
vertebral bodies and the long bones of the limbs of mammals does 
not aj)j)ly to those of re])tiles ; and no epi|)liyses witli interposed 
cartilage attend the growth of the limb-bones of savirians and 
tortoises. But, when the reptile moves by leaps, ossification of 
the long limb-bones by distinct centres again ])rcvails; the ex- 
tremities of the humeri and femora arc ‘cpipliyses’ in the frog. 

Emhryology affords no criterion between the ossifie centres that 
have a ‘ homological ’ and those that have a ‘ teleological ’ signifi- 
cation. A knowledge of the archetype skeleton is requisite to 
teach how many and Avhich of the separate centres that appear 
and coalesce in tlie human, mammalian, or avian skeleton, re- 
present ani are to be reckoned as distinct bones, or elements of 
the archetype vertebra. For the want of this guide great and 
estimable anatomists have gone astray. Thus Cuvier, comment- 
ing on the arbitrary enumeration of the single bones in the human 
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skeleton, affirmed that to leani their^ true number in any given 
species we must go to the first osseous centres as these are 
manifested in the fmtus; Vand Geoffkoy St, Hilaire® concurred 
in this view. 

In the cartilages called ‘ e]n])hysial,’ that eke out the ends 
and margins of bones, ossification begins later than does that of 
the bone itself. The times of appearance of the osseous nucleus 
in the coracoid process and acromion of the human scapula well 
exemplify this ditferciice ; in the coracoid, e.g., at the first year, 
in the acromion at tlie fifteentli year. Embryology teaches the 
facts but affords not the reasoj). 

ifjpecial homology shows that tiic coracoid is a distinct bone, the 
acromion a mere process, in the vertebrate series. General ho- 
mology gives the ground of the distinctness — the coracoid being 
the lucinapophysis of the lucmal arch of winch the scapula proper 
is tlie pleura[)Ophysis. In most mammals this luemapophysis is 
stuntTid and teMninatos freely, like that of the last (floating) rib. 
In Monotremes it attains and articulates with its heeinal spine, as 
in the ‘ true rib,’ and keeps this normal extent and condition 
through all the lower vertebrates. It is the typical state of the 
coracoid, which is departed from in all vertebrates above JMono- 
tremes: but such typical state is not passed through in the 
course of their development. As in that of other modified luemal 
arches, the maxillary, e.g,, so in the scapular arch, the sj)ecia] con- 
dition of the aborted hannapophysis is gained directly , not through 
any intervening transitory manifestation of the general character. 
So far is embryology from being a criterion of homology. 

In regard to what I have reckoned a ‘ seventh ^yay of ana- 

* ‘ Pour avoir lo vorlt filmic iioiiibre des os dcchaquft espece, il faut rmonter jusqu Jiux 

pr(‘nii<*rs iioyaiix osseux ti^ls qu ils se mout rout dans le foetus/ — Lvi^ons (CAnatoiuie Qirm- 
‘pane, 8vo. ed. 188o, tom. i. p. 120. • 

* ‘ Ayant imagine de compter autant d’os qii’il y ii do centres d’ossification distinctp, 
et ayaut essayc dc suite cette maiiiere de fairo, j’ai eii bien d’apprt'cicr la justesse dc 
cotte idee.’ — Annulcs du Myshmi, loni. x. p. 344. 8ee, however, the remarks on this 
point in my * Lectures on the Comparative Anatomy of the Vertebrate Animals,’ 8vo. 
181G, p. 37, et seq. 
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tomy,’ I would remark tjiat the existing kinds of vertebrates 
constitute part only, perhaps but a small proportion, of tliosc 
which have lived. Two large primary groups of fishes have 
almost wholly passed away ; but the Polypterus, Lepidosteus, and 
sturgeon yield the anatomist some insight into the structural 
modifications of the Gamidei of Agas^ ; whilst the shark, the 
skate, and the cestracion give a fuller knowledge of those of the 
PlacoideL 

Present reptiles form a mere fragmentary remnant of the great 
and varied class of cold-blooded air-breathing vertebrates which 
prevailed in the mcsozoic age. More than half of the ordinal 
groups of the class, indiciated by osteal and dental characters, have 
perished ; and it Is only by petrified faeces or casts of the intestinal 
canal, by casts of the brain-case, or by correlative deductions from 
characters of the petiifiable remains, that we are enablexl to gain 
any glimpse of the anatomical conditions of the soft parts of such 
extinct species: by such light some of the perishable structures of 
these animals are indicated in the text. 

As vertebrates rise in the scale and the adaptive ])rinciple pre- 
dominates, the law of correlation, as enunciated by Cuviek,* be- 
comes more operative. In the jaws of the lion, e.g., there are 
large laniaries or canines, formed to pierce, lacerate, and retain its 
pirey. There are also compressed trenchantllcsb-ciitting teeth, which 
play uj)on each other like scissor-hladcs in the movement of the 
lower upon the u])per jaw. The lower jaw is short and strong; 
it articulates to the skull hy a transversely extended convexity or 
condyle, received into a corresponding concavity, forming a close- 
fitting joint, which gives a firm attachment 1o the jaw, but almost 
restricts it to the movements of opening and closing the mouth. 


' * Tout ctre organist^ forni<^ iin ensemble, un systemo unique et c*los, dont les parties 
se correspon*dent miUuelleincnt, et eoiictmrent a la nieme action detinitive par une re- 
action reciproque, Aiicune do ccs parties iiepeut changer sans que les autres ehangeiit 
aussi ; et par cons/xpient chacuncj d’clles, prise s^'parement, indiqiic et donne toutes les 
min^H.^ -Discounsur It s lUvolutions de la Surfa^ie du Globe. 4to. 1826, p. 47. In 
this definition Cuvier apprehended, exclusively, the operauce of tlio differencing and 
adapting pole, and the law becomes limited in its application accordingly. 
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The jaw of the Carnivore developes a i)late of bone of breadth 
and height adequate for the implantation of muscles, with power 
to inflict a deadly bite. These muscles require a large extent of 
surface for their origin from the cranium, with concomitant 
strength and curvature of the zygomatic arch, and are asvsociated 
with a strong occipital crest and lofty dorsal spiites for vigorous 
uplifting and retraction of the head when the prey has been 
griped. Tlie limbs are armed with short claws, and endued with 
the requisite power, extent, and freedom of motion, for the wield- 
ing of these weapons. These and other structures of the highly- 
organised Carnivore are so co-ordinated as to justify CuviKR in 
asserting that ‘ the form of the tooth gives that of the condyle, of 
the blade-bone, and of the claws, just as the efiuation of a curve 
evolves all its properties ; and exactly as, in taking each property 
by itself as the bt^sc of a parti(*nlar oqnalinn, one iliscovers botli 
the ordinary equation and all its pro[)erties, so the claw, the 
bladobone, the»cojidyle, the femur, ami all the other bones in- 
dividually, give the teeth, oi* are given thereby reciprocally ; and 
in commencing by any of these, whoever possesses rationally the 
laws of the organic economy will be able to rccojistruct the entire 
animal.’ * 

The law of correlation receives as striking illustrations from 
the structure of the herbivorous mammal. A limb may termi- 
nate in a thick horny hoof. Such a foot serves cliiefly, almost 
exclusively, for locomotion. It may ‘ paAv the ground,’ it may 
rub a part of the animal’s hide, it may strike or kick; but it 
cannot grasp, seize, or tear another animal. The terminal ungu- 
late phalanx gives, as Cuviek declares, the modifications of all 
the bones that relate to the absence of a rotation of the fore-lee:, 
and those of the jaw and skull that relate to the mastication 
offered by broad-crowned complex molars. 

But there arc certain associated structures for the coincidence 
of which the physiological law is unknown. ‘ I doubt,’ writes 


Op. cit. p. 49. 
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Cuvier, ^ whether I should have ever divined, if observation had 
not taught it me, that the ruminant hoofed beasts should all have 
the cloven-foot, and be the only beasts with horns on the frontal 
bone.’ * I may add that we know as little why horns should be in 
one or two pairs in those ungulates only which have hoofs in one 
or t^ pairs ; whilst in the horned ungulates with three hoofs 
thcr^hould be cither one horn, or two odd horns placed one be- 
hind the other, in the middle line of the skull ; or why the ungu- 
lates with one or three hoofs on the hind foot should have three 
troclianters on the femur, whilst those with two or four hoofs on 
the hind foot should have only two trochanters.^ 

‘ However,’ continues Cijvieh, ‘ since^ these relations arc con- 
stant, they must have a sufficing cause ; but as we are Ignorant 
of it, we must supply the waut of the theory by means of observa- 
tion. This will serve to establish empirical laws if adeciiiatcly 
pursued, as sure in their application as rational ones.’ ^ ‘That 
there are secret reasons for all these relations qbservatioa may 
convince us, independently of general philosophy.’ ‘ The con- 
stancy between such a form of such organ and such another form 
of another organ is not merely specific, but one of class with a 
corresponding gradation in the developminit of the two organs.’^ 

‘ For oxiimple, the denlary system of iion-riiminant ungulates 
is generally more perfect than that of the bisiilcatcs ; Inasmuch 
as tlie former liavc aljnost always both incisors and canines in the 
u])per as well as the lower jaw; the structure of their feet is in 
general more complex, inasmuch as they have more digits or hoofs 
loss completely enveloping the phalanges, or more bones distinct 

' Op. oit. 50, * Qiiartorly Joiiriml of the* Geologioal Socirty, p. 138. 1847. 

* ‘ Puisqae cos rapports sent constants, il faut bicn qii’ilsaient: niic cause suffisanto, 
maiscomino nous nc la connaissons pas, nous elevons snpplt'cr au defant do la thcoric 
par Ic. moyen dc robsorvation.’—Op. cit. [k 50. 

* * Ell citoV qnaiid on forme iin tableau de co.s rapport.s, on y remarqne non seidemont 
unc consistance specifique, si Ton pent s’exprimer aiiisi, entre telle forme (!»' tel organe 
et telle antre forme d’un organ different ; inais Ton aper<;oit au.^si uno Constance 
class iqne et nne gradation correspondante dans le devoloppoment de cas deux orgaih'S, 
qni rnoutrent, presque aussi bien qifun raisonnement elfixjtif, leiir influence mutuella’ — 
Op. cit. p. 51. 
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in the metacarpus and metatarsus, or more numerous tarsal bones ; 
or a more distinct and better developed fibula; or a concurrence 
of all tliese modifications. It is impossible to assign a reason for 
these relations ; but, in proof that it is not an affair of chance, 
we find that Avhenever a bisulcate animal shows in its dentition 
any tendency to approach the non-ruminant ungulates, it also 
manifests a similar tendency in the conformation of its feet.’ After 
citing similar instances of such constant relations, Cltvier again 
declares that the paheontologist ‘^miist avail liimself of the method 
of observation’ as asupplernentary instrument when the reason or 
law of such relations is undiscovered ; and that he is most suc- 
cessful in the reconstruction of a whole from a part, who applies 
to the task ^ efficacious coinj)arison,’ guided by ^ tact {adresse) in 
discerning likeness.’ ’ 

As we descend in the scale of life from the grade illustrative 
of ^ Cuvier’s La^v,’ the method of empirical ()l)servation becomes 
more and more ,essenlial, tlie tact with which it is applied being, 
however, in the ratio of the (liscernment of the correlations of 
structures. Gilie results of the combined inetliods of interpreting 
fossil remains arc leading to views of life transcending the gains 
to zoology as a record of wcll-classcd species, or to physiology as 
illustrative of final purpose. A j)rogrcss from more genci-alised 
to more specialised structures, analogous to that exemplified in 
existing grades of animal life and in successiv e phases of individual 
development, is ai)preoial)le in the series of* species winch have 
succeeded one another upon our planet. 

Certain structures which are transitory or rudimental in exist- 
ing s])ecies arc persistent and developed in extinct. 

The caudal vertebrie arc laid down in a gradually decreasing 
series of cartilaginous nuclei, in the embryo of modern bony fishes ; 
but in tlie course of ossification they become massed and blended 
together to form the base of a vertically extended symmetrical 
tail-fin. In all palaeozoic fishes the initial embryo-state persists, 
and the tail-fin, through the length of the upper lobe retaining the 

* Op. cit. p. .32. 
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terminal series of vertebrae^ is unsymmetricaL The process of 
differencing which leads to the ^ homocercal ’ type begins in the 
mesozoic period and prevails in the neozoic. (See Table of 
Strata, &c., p. xxxviii.) 

A corresponding modification of the caudal vertebrje prevails 
in neozoic birds ; but the embryos of th^existing species show 
the terminal vertebrao distinct, in a tapering scries, before they 
are massed into the ^ploughshare bone;’ and such, doubtless, was 
the law of development in all the extinct species which have left 
tertiary ornitholites. But the earliest and as yet soh^ evidence 
of the fossil skeleton of a mesozoic bird shows the retention of 
the embryo condition, with ordinary growtfi of the vertebrie.’ 

Modern ruminants are hornless when born, and have the me- 
tapodials supporting the phalanges of the cloven foot distinct ; 
at an earlier fetal ))erl()d rudiments of u]:)pcr forc-tceth start in 
the <rum but do not get bevond it. The eocene mammal that first 
indicates the ruminant type retained the transitory,, and developed 
the aborted, characters of its successors. The metacarpals and 
metatarsals never coulcsc(‘,d to form a ‘ canon-bone the upper 
canines and incisors were functional, but small and equal-sized; 
and, as horns never sprouted, Cuvier called the extinct beast 
^ weaponless’ {^AnoplotlKn^iuni), In modern horses the digit on 
encli side the one supporting the lioof is undcveloiicd, and is 
re|)rescntod by a concealed rudiineiit of the metapodial called 
^ splint-bone.’ In the mioccnc horses these metaj^odials reached 
their full length and supported hoofed digits, but of small size, 
like the ‘ spurious hoofs ’ of the ox. The eocene mammal initia- 
ting the type had these hoofs so developed as to form a functional 
tridactyle foot. Moreover, in the PaUeothermm, certain teeth 
(syml)oliscd in the present Work as p 1) which arc riidimental and 
deciduous in the horse, were persistent and functional. The mesozoic 
marsupials^manifcstcd a louver or less differenced state of dentition, 
either by the degree of sameness of form (Phascolothere), or by the 
superior number (Thylacothere) of the molar series of teeth. 

* Pliilosophieal Transactions, 1863, pp. 33, I*'), pis. I. aval III. 
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The ‘ nidiments ’ of parts and organs which are retained un- 
developed, or do not acquire the state capable of acting, or ‘ per- 
forming the function’ done by them in other species, are of two 
kinds : one exhibits the totality of the organ in miniature, as, 
e.g., lacteal glands and nipples of the male mammal ; the other 
is a part of an organ, as, e.g., the few concealed caudal vertebne 
in the sloth, to wliudi other vertebrnj are added, with concomitant 
growth, to make the organ perfect for its function, as in the tail 
of the Megatherc. Some rudiments show beginnings of parts 
which rise to perfection in higher species of the existing series ; 
others arc remnants of organs that were fully developed and func- 
tional in extinct species. Tjedemanx’s ‘serobiculus [>arvus in 
loco cornu posterioris ’ in the brain of JMacaciis,* and the part 
which Vrolik believed himself entitled to regard as an indication 
of the ditppocampus minor’ in the brain of Trotjlodijtes^^ arc 
beginnings of structures which show their full development in 
the human brain, and merit the nomenclature assigned to them 
in anthro])Otoiny. 

The filamentary limb of Protoptcrus (Vol. 1. fig. 101, a), the 
didactyle limb in Amphiuma (//>. B), the tridactyle homologue in 
Proteus, are beginnings of organs which attain full functional d(y 
velopinent in higher vertebrates. The styliform inctacarpals and 
metatarsals in Fjqiius, on the other hand, are remnants of j)ai*ls 
of digits which were entire in llippariou, and were firnctioriiilly 
developed in Paheotheruun, 

Enminants which hal)itually frequent licated arid plains or 
deserts, as the giraffes and camels, e.g., have lost the digits (ii 
and V, Vol. 11. fig. 193, ox) that add to the resistance of the hoof 
on swampy ground, as in the })ison, elk, and reindeer {IL fig. 
311). 

The visual organ degenerates in species inhabiting dark caves 
or recesses {Amhlyopsis (Vol. 1. fig. 175), Heteropygii, Proteus, 


leones cercln’i iSimiariini, fol. p. U, iii. 2. 
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the craw-ii«li of the ^ Man^noth Cave/ and luiinerous insects and 
araehnidans). 

Lepidopvsy Triclihfncs, Slromateuii, exemplify fishes Avhic.li lose 
the ventral fins entirely Avith age ; they are rndimeiital in Gan- 
pyluH, Psiittm and Cmtronotus\ Sokotalpn has oidy the right 
ventral developed and the left rudinient>l ; the pectoral fins are 
rudiniental in many pleiironcctoids, cither on both sides, as in 
Bmjhsms Achlrns^ or on the blind side only, as in Alonochir 
and many specnes of Spnnptura„ The ^ adipose fin ’ of certain 
8iluroid and Salmonoid fishes is a rudimental dorsal, sometimes 
shoAving traces of rays, , 

, The prevalence of birds in New Zealand a\ ithont Avings ( J)hwr- 
7iis)f or too feebly dcvelopiMl for the purpose ol’ flight (Apteryx^ 
Brachyptcryx^ Notonris^ is associated Avith the absence in 

those islands of any higher form of life exercising destructive 
mastery of organisation, until the immigration of the human race. 
Tlie Avings of sncli lards, like the eyes of the catern fishes and 
crustaceans, Avould seem to have deg;eneratcd for want of use ; 
their legs, by Avhicli locomotion Avas excliisivoly exercised, tolunx 
gfdned in size and strength. 

LAMAiunv,^ adverting to oliseiwcd raiigcs-of variation in certain 
species, afiirnied that such variations Avould jiroceed and kecip jiacc 
Avitli the continued operation of the causes jiroducing them : that 
such chaiigos of form and structure would induce (*orrcs])onding 
ehaiigos in actions, and that a change of actions, Avhen habitual, 
l)0came another (axuse of altered struclure; that the more fre(|iient 
employment of certain parts or organs leads to a jiroportional 
imyrease of develojiment of such jxarts, and that as the Increased 
exercise, of one part is usually accompanied Ixy a corros[)onding 
disuse of another part, this very disuse, by inducing a .jirojxorlional 
degree of atrophy, hecomes an added clement in tlio progressive 
nuitation of^organic forms. 

Concomitant changes of cliniate, and other conditions of acoiin- 
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try affecting ilic sristoiiaiicc or well-being of its iinligcnous animals, 
may lead not only to their modification but to their destruction. I 
liavc.iu another work, ])ointed out the characters in the animals 
tliomselves calculated to render them most ol)noxious to such ex- 
tirj)ating inilucnces ; and have applied the remarks to tlie expla- 
nation of so many of the larger species of })articular grou])S of 
animals having become extinct, whilst smaller species of equal 
antiquity have remained. 

^Tn j)roportion to its bulk is the difficulty ol the contest wbicli, 
as a living organised whole, the individual ol such species has to 
maintain against the surrounding agencies that are ever tending 
to dissolve the vital bond and subjugate the Jiving matter to the 
ordinary cliemical and ]»hysical forces. Any clianges, therefore, 
in such external ageiicies as a sj)ecios may liave been origiiuilly 
adapted to exist in, will militate against tliat existence in a degree 
pro])oi’tionate, pcrliaj^s in a gooimitrical ratio, to the bulk of tbe 
spccids. If a dry season l)e gra<liial!y prolonged, the large mam- 
nial '.vill suffer from the drought soom.'r tha)i tlie small one ; 
if such alteration of climate affect the ([lumtity of vegetable food, 
the bulky Herbivore will first feel the elfcets of stinted iiourish- 
mciit; if new enemies arc iiitroduccd, the large and consiucuous 
quadnqjed or bird will fall a iwey, whilst the smaller species c.on- 
(‘cal themselves and escape. Smaller animals are usually, also, 
more i)ro]if!c tlian larger ones.’* 

The actual presence, ther(*r<)re, of small spocties of animals in 
countries Avdicrc larger species of the same natural families for- 
merly existed, is not the consequence of any gradual diminution 
of the size of such sj)ccics, but is the result of circumstances, 
whicli may Ijc illustrated l)y the fable of the ^ Oak and the llced 
th(^ smaller and feebler animals bavc bent and acaannmodatod 
themselves to (Ganges which have destroyed the larger species. 
They have f ired better in tbe ‘ battle of life.’ 

Acce])ting this explanation of the extirpation of species as true, 

» On the Genus Dinordis (Part iv.), ZW. Trans., vol. iv. p. 10 (Fcbnuiry 1800). 
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Mil. Wal LACK ' lias applied it to thccxtiri)ation of varieties; and 
as these do arise in a wild species, he shoAvs how such deviaiions 
from typo may either tend to the destruction of a vai’icty, or to 
adapt a variety to some changes in surrounding conditions, under 
Avliich it is hotter calculated to exist, than the type-form from 
which it deviated. 

No doubt the tyjic-form of any species is that Avhicli is host 
adapted to the conditions under Avhich such spcjcies at the time 
exists; and as long as those conditions remain unchanged, so long 
will tin? tyjie remain; all varieties departing therefrom being 
in the same ratio less adapted to the oiivironing condiiions oi’ 
existence. Ilut if those conditions change, then the variety of t lu*. 
species at an antecedent date and state of things may lieconu' 
tlie typ(‘-f*orni of the s|)ecics at a later date, and in an altered 
state of things. 

Ill his Avorlv ‘ On the Origin of Species liy Natural Selection,’- 
Dauwin more fully excinplifies, <*()ujectnra]1y, t^*^ reciprocal 
influence of external conditions and inherent tendeixdes to variety , 
in cariying on, as he hcli(ives, the deviations from type to specific 
and Inghcr degrees of dilfcrence. 

All these, hoAvcvei’, are conceptions of Avhat may have, not 
observations of Avhat have, originated a sjreeies. Ap^died to 
the strnotiiros Avhich diflerentiate Tvoijlodtjti^i^ tVom Jlomo;' or 
(■Itii’omj/s from Lvmur'^ they are powerless to cx]>laln them : and 
the strnctiiral diflcrences in these instances arc greater than in 
many other species maintaining their disliuctlon by sexual in- 
capacity to [vroducc fertile hybrids. 

An innate tendency or susceptibility in an otlspring to differ 
from a parent is a fact of observation; when carried beyond a 
certain point the Issue is called, from its rarity, a ‘ monster.’ But 
this tendency and its results arc independent of Internal volitions 
and external influences. 

* Proceedings of tlie Linncnn Soeicty, yViigiist 185S, p. 57. * 8vo. 1859. 

® Oil tlic Cl:i,ssill(?atioii and Gcogra pineal of the Alamnuilia, Svo. 1859, 

9- ^ Tj’ausucllons of the /iOokigioal Socii‘ty, vul. v. p. SO. 
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Therefore, with every (lif^position to acquire information and 
receive instruction us to how species l)econic such, I am still com- 
pelled, as in 1849, to confess ignorance of the mode of operation 
of the natural hnv or secondary cause of their succession on the 
earth. But that it is an orderly succession,’ or according to 
law,‘ and also ‘progressive’ or in the ascending connsc, is evident 
from actual knowledge of extinct species. 

The inductive 1)asis of belief in the operation of natural law or 
‘secondary cause’ In the siiC(*essio)i and [progression of organised 
species, was laid hy the demonstration of the iinily of jdan under- 
lying tlie diversity of ciuimal strnctnrcs, as cxemplilled hy tluj 
detonninalitpns of sjpecial and general liomoh\gy; hy the discovery 
of tlic law of ‘irrelalive repidition;’ hy observation of the ana- 
logies of transitory einl)ryonal stage.s in a liiglier animal to the 
matured forms of lower animals; and by the evidence that in the 
scale of existing nature, as in the development of the individual, 
and in the successron r)f species in time, there is exemplified an 
ascent frota the gcmiiul or lower to the particular or higlier con- 
dition of oi’ganisin. 

The most intelligil)le idea of homologous paj’ts in such scries 
is that they arc due to inlieritance. How iuheritiHl, or what may 
he the manner of opcrance of the secondary cause in the pro- 
duction of species, reinaijis in the hypothetical state exemplified 
by the guess-eiidoavours of Lamarck, DAR>viiN, Wallace, and 
others. 

In the lapse of ages, hypothetically invoked for the mutation 
of specific distinctions, I would remark that Man is not likely to 
preserve his longer than contemporary siPGcics theirs. Seeing 
the greater variety of influences to which lie is subject, the 
present cliaractcrs of the human kind arc likely to be sooner 
changed than those of lower existing species. And, with sucli 

‘ IkoKN Pu-WKLL, quoting fi’om luy Work ‘ On the Niituro of Liinl)s/ 8vo. 1819, p. 
8(1, To wluit. iictiuil or secondary eauso’ (‘Essayy oa llui Unity of Worlds,’ 

p. 401), insU ad of, ‘ 'i'o wliat natural laws or secondary caust! tlio orderly .suc- 
cession and progre.ssion of sjn-cics may liavc keen committed, wc arc, as yot, ignorant.’ 
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change of specific character, especially if it should be in the 
ascenslve direction, there might be associated powers of pene- 
trating the problems of zoology so far transcending those of our 
present condition, as to l)c equivalent to a different and higher 
phase of intellectual action, resulting in what might be termed 
another speedes of zoological science. ^ 

With. the present psychical and structural characteristics of the 
human species, it may be reasonably concluded that those of other 
existing species, especially of the distinctly marked vertcljratc 
classes, will be, at least, concurrent and co-enduring; and, in that 
sense, we may accept the dictum of the French zoologist: — ^ La 
stahilitc des es[)cces est unc condition necessaire a Pexistence dc 
la science d’lTistoirc JSTaturclle.’ At the same time, indulging with 
LAivrAiiCK in hypothetical views of transmutative and selective 
inllucnccs during ajons transcending the periods allotted to the 
existence of ourselves and our contemporaries, as we now arc, we 
may also say ^ La nature n’offrc que des injividus qui se suc- 
(;edent Ics tins aux autres par vole de generation, et qui provien- 
nent les tins dcKS autres. Les espcces parini cux nc sont quo 
relatives, et nc le sont que temporairement.’ 
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CHAPTER T. 

OIIAUACTEUS OF YVAVVEnU^VlE^. 

§ 1. Damelopmmfnl characters , — Vertebrates^, like lowei* animals, 
begin in a semifluid nitrogenous substance calle<l ‘‘ plasma,’ fig. I, A, 
n\ primarily difFerentiating into albumen, fibrinc, lemma, ib. e*, 
nuclei and cells ; in wbich lat- 
ter form the individuality of 
the new organism first dawns 
as a nucleated ‘ germ-cell ’ or 
germinal vesicle, ib. d. 

By the evolution of albumi- 
nous gramdes andoil-|)arti(‘les 
])lasma becomes ‘ yolk,’ fig. 1, 

J5,C ; the germinal vesicle may 
l>e obscured by end(\gcnous 
multi] )1 ication of gran ul es, gra- 
Jinlar cells and oil-globules, 
which combine witli those of 
the yolk to form its germinal 
part : an outer layer of ^ lem- 
ma,’ J>, cA, com[)lete.s the un- 
impregnatcd vertebrate egg. 

For furtiier develo])onicnt 
another principle is needed, 
viz. the hy^:^lille nucleus or 
product of the sperm-cell, fig. 

2, called ^spermatozoon.’ Its reception by the egg, as at A, fig. 
*5, is followed by the formation of a germ-mass. This rnaSvS is due 

' Gr, kmma^ skin ; also called * primary’ or ‘hasoment’ nicinbraiie ; distinj^nislied, 
through its relations, as ‘ neurilemma, sareoleuima, adenj»lemma ’ or the limitary 
'ucmbrauc of glaml-follicles, &c. 
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r<*s of (1cvck<in>iuf)i( rif tlir o\-i»ri:m ovrif of a verte- 
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to a series of self-splittings of the impregnated centre, wliicdi 

^ fisslparous’ progeny assimi- 


late or incorporate more or 
less of the yolk. In fig. 4, A, 
d is the impregnated germ- 
yolk ; e tlie fluid between it 
and the zona, J’; f' is albumen 
from which the chorion, cho^ 
arises. In li, fig. 4, is shown 
the first division or segmen- 
tation of the germ-yolk; C 
shows the second division ; and 
1 >, a later stage in which the 
p!*operti(?s of the impregnated 
centre have been diftused 
and distributed by fisvsiparous 
multiplication amongst the countless nucleated colls which form 
the germ-mass. 

Thus far the vertebrate germ resembles in form, structure, and 
2 * behaviour, the infusorial monad and the germ- 

stage of invertebrates. The next step impresses 
iilKvn the nascent being its ^ vertebrate ’ type. 
Linear rows of tlic luicleated cells coalesce and 
become converted into the nervous axis, which 
under the form or appearance of a double chord, 
fig. 5, cA, marks the dorsal or ^ neural ' aspect 
ol* the embryonal rudiment. Tlie nutritive organs 
grow from the op])Ositc side. Along the inter- 
s])acc is laid the basis of tlie skeleton, as a 
gelatinous cylindcjr, in a membranous sheath, called ^ notochord,’ ‘ 
which developcs a j>air of plates ‘ nenrad’® 
to enclose the nervous axis, and a pair of 
plates Miiemad’® to enclose the vascular 
axis and organs of vegetative life. Flesh 
and skin coextend with the enclosing plates. 

This formation of two distinct parallel 
cavities — ‘ neural ’ and ‘ luemal ’ — under 
symmetrical guidance in the vertical or 
^ neuro-ha3inar direction, with a repeti- 
tion of parts on the riglit and left sides, 
establisliing transverse or ^ bi-lateral ’ 

TJie '' chorda dorsalis* of embryologists. Backward in man, upward in beasts, 

^ * Forward in ipan, downwjird in beasts. 
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syminetry, constitutes the qhief developmental cliaractcristic of 
the vertebrate animal. 

The twofold symmetry is shown in the bone-segment, fig. 7 ; 
also in the flesh-segment surrounding tlie skeletal one in fig, 6, 
in which the mid point ^ 

marks the ‘ noto- 
chord;’ with the neu- 
ral canal above, the 
hajmal canal below ; 
both surrounded by 
the two neural and 
two haiinal masses of muscles on eaeh side. 

Tlic laueelot, Brauchiostomn, fig. 23, siiiprlnduees its distinc- 
tive characters upon this stage. Aponeurotic soj)ta accom|>any the 
pairs of nerves and divide the longitudinal musenlar masses into 
segments. At the next rise segincTitatiou is shown by the develop- 
ment of cartilage, forming pairs of jdates, fig. 5, v, 
commonly corvespomling with th(* pairs of nerves 
^seut (rff from the neural axis, aud with tlic paii's 
of vessels iVoni the haunal axis. As these ])laK\s 
ossify, ossification commonly also begins at cor- 
responding points of the notochord, dividing it 
into as many (*entral parts as tJiere are peri- 
pheral plates or arches, and constituting skeletal 
segments or ^ vcu'tebne ; ’ according, or reducible 
to, the type, fig. 7. 

§ 2. Struv.tural characters, — The series of ^ vertebrae, ’ under 
their several modifications, as the neural or liaanal organs 
may predominate, constitute the vertebral column, 'flie 
neural axis consists of ‘ cnce|)haloir or brain, and o( 

‘ myelon’ or s[)inal chord. The organs of the -five senses 
— touch, taste, smell, hearing, and sight — are iisnally 
present. The blood-discs, fig, 8, speedily acquire tlic red 
colour which, by their number and minuteness, they 
impart to the wdiole blood. The heart is a compact miis- 
eular organ, of two or more cavities, pro|)elIing the blood, 
through a closed system of arteries and veins, directly to 
the breathing-organ, and, in most vertebrates, directly also to the 
body. The breathing-organ communicates ^vith the pharynx. The 
alimentary canal has distinct receptive and expellent apertures, 
Uwsually at opposite ends of the trunk. The mouth is provided 
with two jaws, placed one above or before the other, working 
in the direction of the axis of the body. The muscles surround 
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the bony ox* gristly levers on which tl^cy act. The limixs do not 
exceed two pairs. The sexes are distinct, and the individual 
is developed directly from an impregnated ovum. Under the 

vertebrate j>lan of structure animals 
^ grov/ to a greater size and live a 

longer time, llian under any of the 
i n Y er t e I > ra to })laii s. 

§ 3. Piscine niudificatioru — All 
vertebrates, during more or less of 
their developmental life-period, tioat 
in a li([uid of similar speoilu! gravity 
to themselves. A large, projxortion, 
eonstitutlng the lowest organis(‘d and 
first developed forms of tlio pro- 
vince, exist and Ixrcialhc in water. 
Of tliese a few retain the primitive 
vermiform condition and dovclope no lhnl>s: in tlie rest they are 
* fins,’ of slmj)le form, moving i)y one joint upon tlic body, rarely 
adapted for any other function than tlie inij)nlsc or guidance 

' 8 


iicnral spino 


zj-puwip’.irpia Pt’iinpopliytits 

plcurnpophypls 

rarapopliysis ^ 

^l^^}ia'niftpophy^is 

zyfrflpop]iy.il3 

l|j!a:nial ppiito 
Mt’.il lyt'ical vnit-l'n-i. r.vLV. 


and are called ^ fishes.’ 



Blood (IJaca, cacL masrnlfiod 3 (Vi diamofrri^ 11110:1’*, a, ^Tan ; h, door; f, (:>)i>i?c ; rf, rropoOilo ; 
t, ; /, Siren ; g, : ft, Sk;Ui‘. c.XJ.v. 


of the body througli the water. The sliapc of the body is usually 
such as is adapted for nK»viug xvitli least resistance througli a 
li(|uid mcdiuni. The surface of the body is either smooth and 
lubricous, or is smoothly covci’od by ov^erIap]»irig scales, ivS rarely 
defended by bony ])latcs or roughened by tubercles, still more 
rarely armed with spines. 

1'lie neural axis presents but one local enlargement, at tlie fore 
end, forming the ^ ence))!ialon; ’ it is small, and consists of a suc- 
cession of sim[)le ganglionic masses, most of which are appro- 
priated to the function of a nerve of special sense. Touch is 
feebly exercised, and, an organ for that sense rarely developed. 
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The tongue, as an organ ^)f taste, Is hardly conspicuons; the 
fi'amewurk supporting it relates chiefly to the mechanism of swal- 
lowing and l)rciitliing, and is siisixmded to a pedicle ctanmon to it 
and the mandlhlc. Of the organ .of lioaring there is no outward 
sign; hut the essential internal part or Oahyriutli’ is present, 
and its semicircular canals are. In most llshes, largely devcloj>ed. 
The lahyrinth Is devoid of a ‘cochlea,’ and i<<rarely |)rovided with 
a pro])er chanihei’, hut is lodged, in common with the brain, in 
the cranial cavity. The eyes are usually largi*, seldom defended 
hy ('ycliils, and lu.'ver served hy a lacrymal apparatus. I'hc ali- 
mentary canal is (‘ommonly short and simple, with the divisions 
less clearly juarked than in liigher vertehraU^s ; tlie sliort and 
wide gidlet heiiig hardly distingnishahlo iVdm the stomach. The 
panoreatl(i lun<;tion ‘ap[)ears to he i)crh)rmed hy comimmly more 
or fewer (aecal a])]>cn(lagos to tlie diuxUnium. '^Flic heart c(vns!sts 
evssentijilly of one auricle receiving the venous blood, and one 
ventricle propelling it to the gills, or organs submitting that blood 
in a state of iniiiute suixlivisioii to the action of aerated watci\ 
From the gills the arterial blood is carrier 1 over tli^e entire lv>dy 
by vessels, the (‘ircndatlon being aided by the ‘contraction of the 
sinTonnding nuisclcs. The blood is cold, or with, a temperature 
rarely above that of the surrounding medium. Tlic coloured 
dis(*.s are, in some fishes, subcircuku*, lig. 8, in others, 
subclliptical, ib. //, or elliptical; comparatively large, but not 
the lan^est amongst vertehrates. The primordial renal glands 
{(‘orpora irolffiarui) arc persistent, and secrete the urine from 
venous hlood. Such are the Icadiutr anatomical characters of the 
class l^/sccs — Fislics. 

§ 4. Iifplilian vnnJJJic(U}on , — ]\Iany fishes have a bladder of air 
between tlie digestive canal and kidneys, wlviclr, in some, coiii- 
rnunlcatcs by an air-duct with the gidlet ; but its office is chiefly 
hydrostatic. AVhen, in the rise of structure, this air-hladdcr 
hegius to assume the vascular and phary ngeal relations, with the 
form and cellular structure of lungs, the limbs acquire the 
character of feet; at first, as in Lrindosirm,, fig. 41, t)fl, thread- 
like and mauy-jointed — iheii bifureato, or two-finger<.*d, with the 
ordinary clbT)W and wrist-joints of land-limbs {^Awphhnnn)^ fig. 
loo, r>, i>, — next, thrcc-fiiigcred, as in Proteiiff ^ — or fbnr-fingered, 
but reduced to . the pectoral pair, as in Siren, From tlicsc glll- 
retaining transitional forms, up to and including crocodiles, all 
cold-blooded vertebrates, with lungs, breathing air dlreelly, are 
called Iteptilcs {ReptUia, Cuv.). The heart has two auricles; 
the ventricle, in most, is impcriectly divided, and more ^or less of 
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the venous blood Is mixed with the arterial blood which circulates 
over the body. The lungs retain the form of bags, with cellulo- 
vascular walls, varying as to thickness, and are situated', with the 
other organs of vegetative life, in a common thoracic-abdominal 
cavity. | 

§ 0. Arum modification. — Wlien the lungs become sl^ongy, and 
the cavity of the air-bag is olditeratcd by the multiplication of 
vascular cellules, and when a four-chambered heart transmits the 
venous blood to the lungs, and pure arterial blood to the body, 
the temperature Is ralse<l, and is maintained at from 90° to 105° 
Fahr., whatever may be that of the surrounding medium. Of 
these hot-blooded ^vertebrates, one class has the lungs fixed, and 
communicating with Air-cells extending into the abdomen, and 
iisnally other parts of the body; this class is oviparous, is clothed 
witli feathers, and has the pectoral limbs modified as wings ; It is 
called Area — Birds. 

§ 6. MaoimaUan modification. — In the other class of warm- 
blooded animals, the spongy lungs are freely suspended and 
confined to jj, tlioracic cavity, defined by a midriff from the 
abdomen; the cla^s is liair-clad, viviparous, and suckles the 
young, whence it Is called Mammalia — Mammals. 

§ 7. Genetic and thennal distinctions , — The? broad and well- 
marked characters afforded by tlie res[)iratory system will probably 
give permanence to the division, so (*onveiiient for most purposes, 
of the vertebrate province into tbc four great classes above 
defined, viz. risces, Reptilia^ Ares, Mammalia, 

But many important relations and affiuiti(^s arc thereby masked. 
Altliougb the last two classes agree, as ‘ hot-blooded vertcl)rates,’ 
in their liighcr cerebral developcinent, and in tlu; more complex 
heart and lungs, l)irds, by genetic and developmental characters, 
as well as by the general plan of their organisation, arc more 
intimately and naturally allied to the oviparous saurians than to 
the viviparous mammals. In their generation and development, 
modern batrachians differ from other cold-bloodetl air-breathers, 
and agree with fishes. Present knowledge of extinct forms more 
clearly exposes the artificial nature of the primary groups of the 
oviparous vertebrates. An important link, the I^trosauruiy or 
flying reptiles, with wings and air-sacs, fig. 108, more closely 
eonnccting birds with the actual remnant of the reptilian class, has 
passed away. Other extin(!t orders (Ganocephala and Lahyrintho- 
dontia) have demonstrated the artificial nature of the distinction 
between fishes and reptiles, and the close transitions that connect 
together all the cold-blooded i^ertebrates. 
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Tims vertebrates mi^ht he biiiarily divided into oviparous, i. 
II. III., ami viviparous, iv. ; into anallimtoic or brancliiate and 
aUaiitoic or abranchiate ; into Ilmnaf other mal,^ havliig the four- 
cliainbered lieart, sponjjjy lungs, hot blood, and Hceomtoerijal^ 
having less perfect bre^athing organs, less complex heart, with cold 
blood ; and each of such divisions are artificial and convenient. 
It suits my jirc^seiit purpose to adopt the lat^iu*. 

§8. Suhclas&es of ILjematocrifa, — With the best insight — 
peering into the dark vistas of the remote ])ast — that one can 
command into tin* nature of the strange forms which then 
perished, aiul combining Avith paheontologic.al res(*areh the results 
of anatomical and (hivelopincntal scrutiny of existing vertebrates, 
the following seem tv> be the best defined cold-blooded groujis, 
each with such characters in common as leads to their being called 
‘ natural,’ and of a value v/hich may be expressed by the term 
‘ sub-class.’ 


I. DeKMOUTKIIT, IIL PnAOIOSTOAII. 

II. Telkostomi. IV. Dipxoa. 

V. Monopnoa. , • 

Subclass I. DEinrorTKRi. — JJody vermiform, limbless; endo- 
skeleton membrano- cartilaginous and notochordal,^* ribicss; sJiin 
scaleless, lubricous; a vertical fiu-fold bordering the hind part of 
the l)ody, without fin-rays ; myelon opaline, ductile, elastic ; no 
sympathetic nerve ; organ of smell siiigh* ; eyes Avanting, or very 
small; optic iierACS not crossing each other; auditory Itdiyrluth 
of one or two scnnieircular canals ; mouth jawless, or suctorial ; 
alimentary canal straight, simple, Avithout ciecal appendages, 
pancreas, or splecm. Branchial func'tiou iiidepondent of the mouth ; 
heart, without ‘bid bus arteriosus;’ a pulsatile portal sinus; no 
swim-bladder ; testes and ovaria elongated plates without ducts ; 
generatiA'c outlet peritoneal; ova numei'ous, small, simultaneously 
developed, aud imjiregnated externally ; cleavage of 3 ’olk entire ; 
no amnios or allantois ; a metamorphosis, as, e. g. from Animo^ 
eostes to Petromyzon, after the third year from the egg. 

Subclass TI. Teleosto31i.'* — B ody pisciform, Avlth medial and 


* Gr. haima^ blood ; thermos^ hot, 

* Gr. hainut, blood; cruos^ cold. 

* Retaining the notochord or primitive b.'isis of the A'ertebval column. 

* This word (from Gr. /t/os, end or completion ; skma^ mouth j) refers to the com- 
pletion of the mouth by opposing upper and lower ja^s, and also to its terminal 
position, opening at the fore end of the head. , 
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parial fins, supported by rays; cn(l^)skcletoTi in most, more or 
less ossified; liyoid arch attached to tympanic pedicle; scapular 
arch attached to the occiput; no sternum; skin defended by scales 
or plates; brain witli predominant mcsencc])halon ; myelon oi)ake, 
inelastic; Msyuipatlietic nerve; organ of smell double; eyes usually 
large, with bony sclerotic; auditory labyrinth with tliree semi- 
circular canals, in the cranial cavity; mouth tbruied by upj>er and 
lower jaws, ojxming at the fore |)art of the head, and admitting the 
respiratory currents; intestine, in most, with pylori(> appendages 
and spleen; anus in front of urethra; air-hladder in most ; gills, 
free; hranchial outloi single on eacdi sld.e, delcuded hy a hrau- 
chiostt*gal ilap, witli oiie or more rays ; testes (‘‘ iiiilt: ’) and ovaries 

roe *) large, witli coiitinuoiis ducts in most; tiva very numerous 
and small, simulla.neously developed, and impregnated, usually, 
externally ; no amnios or external allantois. 

Subclass III. ri.AOiosTO:\[L — Endoskchdon cartilaginous, or 
partially ossilied; scapular arch detaclied from occiput; exo- 
skeletori as osseous granules or tubercles ; liody with medial and 
parkil iins, the hinder yuilr pelvic in position; caudal-fin with 
produced u]>j>er loh'e ; l>rain with the prosencephalon predominant ; 
auditory labvrliitli in a special cliamher; mouth, in most, a Avidc 
transverse slit, opening below the head; intcslme with a spiral 
valve, |)aM(:reas, and spleen; no air-bladder; bulbus arteriosus 
with miinerous rows of valves; gills, in most, fixed, and wHh 
several branchial ovitlots (m each side; testes of moderate size, 
witli sj)erm-duct and copulatory apparatus ; oiaries with few and 
large ova, successively developed and conveyed away f>y a 
detached oviduct; ova im[)regnated and, in some, developed in- 
ternally ; embryo witliout auuiios or allamoJs, and witli deciduous 
external gills. 

Subclass I DirxoA. — Endoskcleton more or less ossified; 
ribswanting, or short and free; parial members as legs; brain with 
predominant prosciice]»halon ; optic nerves not decussating ; audi- 
tory labyrinth in a special cliamhcr, but with only the ^fenestra 
vcstlbuli;’ nostrils communicating Avitli the mouth; intestine, 
with pancreas and spleen; air-bladder as a ]>air of Jungs, com- 
municating by a duct and glottis with the luemal side of the 
pharynx; heart. In most, with one ventricle and two auri(‘los. 
Testes of modcj'atc size, with sperm-ducts, hut no inlroinittcnt 
organs or claspers; ovaries with detached oviducts; ova simulta- 
neously developed, ai^d, in most, im])rcgnated externally. Embryo 
without amnios or allantois, and with external gills. 
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Subolafis V. Monopnoa.* — Eiido^kelcton o&issified ; cxoskelcloii 
ill iiiortt as horny scales, in some as l)ony scutes; one occipital 
condyle ; vomer usually single ; tmnk-vibs long arfd curved, llrain 
with predominant |)rosence])lialon. Labyrinth with both Icncstra 
vesiibuli and Icncstra rotunda; a tynijiamim in most; lungs; 
lieart wllli two auricles, and with the ventri(*le more or less 
cfimplctely divided. Testes Avith ducts aTiiiL'intrimiitteiit organ. 
Ovaria Avitli detached oviducts. Ova succossivcly devclotied, 
impregnated with copulation. An amnios and allantois. No 
metamorphosis. 


§ 0. OrdersoflLEMATOftRYA. 

Subclass I. Order I. CllMlOSTOMI. 

Ilody compressed; mouth a longitudinal fissure with sid^-rigld 
oirri on eaeh side, l^ulsating vessels or sinuses in place of heart, 
lllood pale ; free phaiyngeal branchial filaments, and a branchial 
dilatation of the a'sophagus. . ' 

Gen. Jinmchlostoma. TJ:(\ Lancelet. 


Order IJ, CYCLOSTOMI. 

Ilody cylindrical; heart distinct; branchial artery without 
bulb; branchiie sacciform, with external sihraclcs, six or seven on 
each side, blood red. .Mouth subeirenlar, suctorial, hut lougitu- 
dinal when closed. Olfactory sac comnliinicating with, or produced 
into, a canal. 

Gen. Mj/.vhfc, Tvj\ Ilag-fish. 

Pvtrnmyzon. Lamprey. 

Subclass II. A. Arterial bulb vvith one pair of valves; optic 
iierves decussating; vertebne bicoucavc. 


Order III. MALACOPTEIU. 

Skin, in most with cycloid scales, in a fcAV Avith ganoid plates ; 
rarely naked. Eins supported by rays, all of which (save the first 
in the dorsal and pectoral, in some) arc ‘soft,’ or many-jvmited ; 
a SAvim-bladdcr and air-duct ; peritoneal outlets in many. 
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Suborder 1. Atodes. 

Fani. 1. Symbraachkloi. Ex. Cucliia. 

2. MunenulcB. Ex. Eel. 

3. Gymnoikla', Ex. Gymnotus. 

Suborder II. Aboominales. 

Fam. 1. HeteropjjyiL Ex. Ainblyopisis. 

2. Clupeidce. Ex. Herring. 

3. Snlmomdcp. Ex. Sahuou. 

4. S(:op(dld(c. Ex. Saunis. 

5. Clunnciindoi. Ex. Myletos. 

(1. Gahixkhe. Ex. Galaxias. 

7. Esocidcv. Ex. Pike. 

8. Aformyridce. Ex. IMoriuyrus. 

9. Cf/prfnod()7ifidxp. Ex. Umber. 

10. Cijjynnida*. Ex. Carp. 

* 11, Sihmdcv. Ex. Sheat-fisb, 

12. Akpimuridxe. Ex. Marine Sheat-fisln 

Suborder III. Pmaryngognathi. 

Fam. 1. Scoinher-esocidfe. Ex. Saury-Pike. 

Order IV. ANACANTIIINI. 

Eudoskcleton ossified ; cxoskeleton in some as cycloid, in others 
as ctenoid scales; fins supported by flexible inany-jointed rays; 
veiitrals beneath or in advance of the pectorals, or wanting ; swim- 
bladder, when present, without a duct. 

Fam. 1. Opiiididce. Ex. Ophidium. 

2. Gadidce. Ex. Cod. 

3. Elaironccfidoi. Ex. Plaice. 

t 

Order V. ACANTHOPTEIU. 

Endoskeleton ossified ; cxoskeleton, in most, as ctenoid scales ; 
fins with one or more of the first rays unjointed or inflexible 
spines ; ventrals, in most, beneath or in advance of the pectorals ; 
duct of swim-bladdfer, obliterated. 
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Suborder I. Ptiatiyngoonathi. 

Fam, 1. Chromid(P, Ex, Chroniis. 

2. Cijclo-lahridw., Ex, Wrasse. 

3, Cten()4ahrid(Jp, Ex, Pomacrentrus. 

Suborder JI. AcantiiopTeri veiu. 

Fam. 1. Pcrcidxp, Ex, Perch. * 

2. Sfiuamrnipmnes, Ex, Cliietodou. 

3. Sparida', Ex, Sea-bream, Gilt head. 

4. Svi(mida\ Ex, Maigre. 

C), iMhj/rinthohrancliii, Ex, Aiiabas or Tree-climber. 
(), Mtujdidm, Ex, Mullet. 

7. Athennid(P, Ex, Sand-smelt. 

8. Sphi/ramidai (cycloid). Ex, Barracuda. 

9. Scomhenda‘ (cycloid ). Ex, Mackerel. 

10. Sclerojjenidcii, Ex, (liirnard, Miller’s thumb. 

11. TfPuioidfd, Ex, lii band-fish, 

12. Tntthjidce, Ex, Lancet-fish. • 

13. FimfuhtrUla*, Ex, Pipe-mouth. 

14. GobiklfP, Ex, Goby. 

15. Blenniidcp (cycloid). Ex, Wolf-fish. 

16. Lophiidm (skin muricate or naked). Ex, Angler.* 


Order VI. PLECTOGXATIII. 

Endoskeleton partly ossific^d; cxoskelcton as ganoid scales, 
plates, or spines ; ventrals wanting in most ; maxillary and pre- 
maxillary iinmoveably connected on each side of the jaw; swim- 
hladder without air-duct. 

S u border Sc i . e iiodeii m i. 

Fam. 1. Balistini, Ex, File-fish. 

Suborder Apleuri (riblcss). 

Fam. 1. Ostraciontida*, Ex, Trunk-fish. 

2. Gi/miiodontidcp, Ex, Globe-fish, 

' This selection of the chief family-diversities of the vast acanthoptcrous order is 
designed, like the families cited under other orders, merely to exemplify it by familiar 
fishes with vernacular names. For the characters and affinities of all the present 
known acanthoptcrous families, sec Dr. Gunther’s excellent work, clxxiv., 
vol. iii. , 
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Order VIL LOPIIOBEANCnill. 

Endoskcleton partially ossified^ without ribs ; cxoskelcton ganoid ; 
gills tul'ted ; o[)(?reular aperture small ; swim-bladder without air- 
duct. i\Iales marsupial. 

Fain. 1. IL)jpnc(nnj)Hl(r, Ex\ Sea-liorsc. 

2. ^ipttjnnthhUr., Ex. Pipe-fish. 

» 

B. Arterial bulb musiMilar, with more tlum one ro^v of valves. 
Optic uerN'cs not decussating, 

OiVlerVllT. OAXOIDEl. 

Kndoskelcton cartilaginous, partly bony, or ossified; in a few 
rocent and in most paheozoic extinct h)rms, notocrhordal ; exo- 
skeleton as gaiioitl scales or plates; fins usnally with the first 
ray a strong spine; caudal fin hi most uusyinmetrh'al ; a swim- 
bladder, olton cellular, and witli an air-duct ; intestine in many 
with a spiral* valvq. 

Suborder I. Lepieoganoidki. 

Fain. I. Salamandroulci. Ex. Lepidustciis^ Polyptcrus. 

2. Pifcnodoiitidxp., Ex. Pycriodus. 

3. Tx'jddoldn. Ex. Dapedius. 

4. Le])hdfpld<v. Ex. Leptolepis. 

5. Acfinlliodel. Ex. Acanthodes. 

6. Dipfxridxe. Ex. Diptcrus. 

7. Caddcantfu. Ex. C<elacantlms. 

8. lIolophpdddQU, Ex. Iloloptychius. 

Suborder II. Pj.acogaxoidei. 

Fain. 1. Sturiouuhp. Ex. Sturgeon. 

2. OslracostcL Ex. Pteriehtbys. 

Subclass HI. Order IX. IIOLOCEPH ALL 

< 

Endoskcleton cartilaginous, subnotoeliordal ; cranial wall com- 
j)letc; tympanic pedicle conlluent therowitli; eudoskeletoii as 
phicoid granules. Anterior dorsal fin with a strong spine; 
mouth terminal, beak-sliatied ; dental jilatcs and columns fused 
with the jaws. Optic nerves not decussating. Valves of bulbiis 
arteriosus multlscrial; Gills laminar, Avitli a small proportion of 
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the border free; a single external gill-aperture on each side; 
opercular and braucliiostegal rays. Oviparous; ova few and large. 

Fain. 1. Clwnmrifloi, Ex, Chimnera, Callorliyncluis. 

2, Juh/phodoniuhe, Ex. Fdaphodus^ Ischiodus^ Elasmodus. 


Order X. rLAGTOSTO:AiI. 

Endoskeleton cartilaginous or partially ossified; vertebra) 
biconcave; exoskeleton as placand granules or tubercles, spiny in 
some. Mouth transverse on the lower surface of the head. Optic 
nerves coiuiuissiirally united, not decussating. Valves of bulbiis 
ai terlosus nuiltiserial. (Jills attached to the skin by the outer 
margin, with intervening gill-apertures, five or luore in niiiuber, 
on each side; no operculum. 

Suborder I. CESTUAriioni.' 

(Si)inc in front of eaeli dorsal lin ; back teeth obtuse.) 

Earn. 1. IIjjho(l(>nti(J(P. Ex, Jlybodus. 

2, C('Mradontldcc, Ex, Cestraelon. 

Suborder II. Sklactiii. (Sharks, branchisil apertures lateral.) 

Eani. 1. Notldanidcp. Ex. Grey Shark. 

2. Spinacldw. Ex, Piked Dog-lish. 

3. !Sc}jlUad(P. Ex. Spotted Dog-iish. 

4. Eielltdutcs. Ex. Tope. 

5. J.amnuUr. Ex. Porbeagle, 

6. yllopcvlda*. E^x. Fox Shark. 

7. Sr//mnndrp, Ex. Greenland Shark. 

8. Sf/ufftirup. Ex. INlonk-fish. 

9. ZjfijcpHuhp, Ex. llannncr-hcad Sliark, 

Suborder III. BArTBES. (Eays, brancliial apertures inferior.) 

Fain. 1. Priatnhp. Ex. Saw-fisli, 

2. R}ilnohatid<p. Elr. K hi nobat es. 

3. Topped uud(P. EJx. Electric ray. 

^ 4. Baiidxp. Ex. Skate. 

5. Trifffonidce. Ex. Sting Ray. 
f). JMi/Uohdtidce. EJx. hlagle Ray. 

7. Cejdialopterulcc. Ex. Cephaloptcrus. 

' Kvslra^ a weapon ; pheroy I bear. Many extinct species of this group aro known 
only by their fossil weapons, called ' Ichthyodorulitcs.’ 
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(Transitional) Order XL PKOTOPTERT. 

Endoskeleton notochordal, partly cartilaginoas, partly osseous ; 
no occipital condyle ; vomer undivided ; temporal i’ossaj roofed 
over by bone ; plcurapo[»hvses short, with free extremities ; exo- 
skeleton as subcuticular cycloid scales; scapular arch attac^hed to 
occiput ; proximal ends of hyoidcan and tyinpano-mandibular 
arches distinct. Vertical fin a continuous border to the com- 
pressed tail. Pectoral and ventral fins subulate, many jointed ; the 
former fringed beneath; the latter pelvic in position; the pelvis 
unattached to the spine; gills filamentous, free, in a branchial 
chamber with a single vertical outlet; branchial arches uncon- 
nected with theliyoui; air-bladder double, lung-like, with air-duct, 
glottis, and pulmonary vein. Proscncejihalon predominant in 
brain ; nasal sacs sublabial witli two remote extra-buccal aper- 
tures ; auditory labyrinth in a distinct chamber; bulbus arteriosus 
long, with two hmgitudinal valves; intestine wiih a spiral valve, 
vent anterior to uretlira; ovaria distinct from oviducts, 

Fam. Sireaoidd. Ex, Lepidosiren. 


Subclass IV. Order XIL G AXOCEPIIxVLA. {ExfincL) 

Endoskeleton notochordal and osseous ; no o(?ci[)ita] condyle ; 
vomer divided ; temporal fossie roofed over by bone ; hyoid arch 
not connected with tymj)anlc pedicle; branchial arches (?) un- 
connected with hyoid ; exoskclcton as subganoid scales ; ])leiir- 
apophyses short ajid free. Teeth with converging inflected 
folds of cement at their basal half. Pectoral and pelvic limbs 
feliort, slender, three or four digitate ; natatory. 

Genus JJemlrcrjyeton, 

A r^'hegosa urns. 


Order XIIL LABYRIXTITODONTIA. {Extinct) 

Head defended, as in Ganoccphala, by a continnous casque of 
extemally sculptured and unusually hard and j)oUshed osseous 
plates, including the supplementary ^^post-orbital” and ^^super- 
temporal ” bones, but leaving a foramen parietale.” Two occi- 
pital condyles. Vomer divided and dentigerous. Vertebral 
bodies, as well as arches, ossified, biconcave. Pleurapophyses of 
the trunk, long and t)eut. Exoskeletoii, in some, as small ganoid 
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scales. Teeth rendered coipjJcx by undulation and side branches 
of the converging folds of cement, whence the name of the order. 

Genus RhombophoUs, 

Lahyrlnthodon, 

Order XIV. BATKACIIJA. 

Endoskeleton ossified ; tAvo occipital condyles ; vomer divided, 
in most dentigerous ; temporal l‘ossie unroofed ; scapular arch 
detached from occiput ; ribs as processes, or short, straight and free; 
skin nude, often lubricous. Limbs digitate, tri segmental. Intestine 
without spiral valve, vent posterior to urethra. Embryonal gills, 
in some retained, in most lost; with a metamorphosis associlating 
a tail-less body with pulmonary respiration and a heart of two 
auricles and one ventricle. 

Suborder I. OriiiOMonrHA, 

Fam. CcecUknhp. Ex. Ca3cilia. 

Sul)ordcr IT. loiiTiiYOMORriiA. 

Fam. Protddcp, Ex. Siren, Proteus, 

Sal(im(mdrida\ Ex. Newt, Salamander. 

Suborder HI. Theriowokpiia. Anura. 

Fam. 1. Af/bfssa. Ex. Plpa or Surinam Toad. 

2. RnnuUe. Ex. F rog. 

3. Iliflld(P. Ex. Tree-Frog. 

4. Bufonidcv. Ex. Toad. 


Subclass V. Order XV. ICIlTIIYOPTEPa^GIA.' 

Body fish-like, without neck ; limbs natatory, with more than 
five multiartlculate digits ; vertebnc many, sliort, biconcave ; no 
sacrum; anterior trunk-ribs with bifurcate heads; an epistcrniim 
and clavicles ; post-orbital and supra-tem])oral bones ; a foramen 
parictale ; maxillarics small ; ])remaxillaries long and large. 
Teeth confined to maxillary, premaxillary, and j)remandibular 
l)oues, implanted in a common alveolar groove, penetrated by 
converging folds of cement at the base ; nostrils hvo, small, near 


* Gr. ichthjs^ a fish ; pterysc, a fin^. 



16 


ANATOIVIY OF VEKTEBRATES. 


the orbits ; orbits large ; a circle of sclerotic plates. Skin naked, 
forming a vertical tail-fin (inferential). 

Genus Ichthyosa urns. 

Order XVL SAUIIOPTEIIYGIA. (E.vtmcf:) 

Body, in most, with a long nock ; ]lm])s natatory, with not 
more than fi\ c digits ; an episternum and clav icles ; vertebra) 
with flattened, or slightly Clipped, arlicular surlSiees ; a saeriini 
of one or two vert(d>ne for the attaclnneiit of Ihc pelvic arch, 
in some; rihs with simple heads : no post-orbitJil and su])ra- 
temporal bones; large temporal and oilier vacuities between 
certain cranial bones ; a foramen parietal e : two antorbital nostrils ; 
teetli simple, in distinct sockets of premaxillary, maxillary, 
and iiremandibnlar liones, rarely on the ]>alatlne or I)terygoid 
bones ; maxillarios larger than promaxillaries. 

Genera Plesiosanruft^ Pliosnurifs, Nolhosaurnsy Placodus, 


Order XVII. ANOMODOXTIA. {ExtincL) 

Teeth wanting, or limited to a single maxillary pair, having the 
form and jiroportitms of tusks; a Mbramen parietahj;’ two ex- 
ternal nostrils; tympanic pedicle fixed; vertebra) biconcave ; an- 
terlrir triudv-ribs with a biiurcatc head, jsclilopnbic symphysis 
continuous. 

Fain. Dicynodonfia, 

A long ever-growing tusk in each maxillary lione ; prc-maxil- 
laries connate, forming with the lower jaw a lieak-shapcd mouth, 
proljably sheathed with horn. Sacrum of more than two verte- 
bra). Ijiinbs ambulatory. Bx. Dicynodon. 

V am . Crypfndfmfia, 

Upper as well as lower jaw edentulous; prcmaxillarics distinct 
and produced. E:i\ Rhynchosaurus. 

Preinaxilluj'ics confiuent, short. .Ex\ Oudenodon. 


Order XVIII. CTIELOXIA. 

Trunk-ribs broad? flat, sutiirally united, forming witli their 
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v(‘rtcl)i*ft\, the sternum, mul (lerniiil bones, an ex])Mn(le(l 
tlMn-nele-abdominal case, into wlilcli the limlis, tail, ami, nsnally, 
the liciul, can be vvitlnlrawii ; sacrum of more than two vertebrae, 
no teeth ; external nostril single, a cavnm tympani ; body covered 
by horny scales in most ; ventricle of heart single. 

Tninbs natatory. ( 

Limhs ain])hil)ious. 

T/nnhs tciTOstrial, 'Testudo, (Tortoises.) 


xenus Chdnnc. (Turtles.) 

f Trloufjjc. (]\riid turtles.) 
\ Kan/s, ('J'errapenes. ) 


Order XIX. LACIvRTILIA. 

\’ertehrte procrelian, witlv a single transverse |)roeess on eacli 
si-le, and with single-headed ribs; sit<‘ral vertebne wanting, or 
not cxeeeding two ; two external nostrils ; eyes with moveable 
lids; laxly covered by horny, sometimes bony, scales. 

Innibs natatory, no sacrum. /v>. Mosasaunis. (lOxtinct.) 

1/nnbs andinlaloiy, a sacrum, /v.r, Laeerta, L, 

Limbs aboi‘tiv(3, no sacrum. Ej\ Angnis. 


Order XX. OIMIIDIA. 

V(‘rtebra5 very nnmerons, procodijin, with singlo-lieadcd hollow 
j'ibs; no sacnim ; no visible limbs; two external nosirils; no 
^•a\ nni tympani ; ey(‘ball coyered by an iinmoycable transparent 
lid. llody covered by horny scales. Teeth anchyloscd to jaw; 

Order XXI. CROCODILIA. 

dVeth in a singh* row, implanted in distinct sockets ; 
<‘xternal nostial single and terminal or siih-teianinal. Anterior 
trunk v<n‘t(‘l)rie with par- and di-apophyses, and bifurcate ribs ; 
.aeral vcrtelira' two, (xicli Mipjxirting fts own neural arch; this 
aivli nsnally articnlatcd hy suture. Tail long, vertically cc»ni- 
pressed ; feet short, weblied. Skin ])rotoete<l by bony, usually 
}’5lted, plates. Vdaitricle. of heart double. 

Suborder Ajvii'iiic<KinA (vertebrje cupped at both ends). 

K.v. 'rdeosan r us. 

Siil)()rder OlMSTiitxaKLi a (vcrtelme convex in front, concave 
behind). E.i\ Strcjitospondylus. 

Suborder IVmxaELrA (vcrtelme concave fti front, convex 
behind). Ex. Cwocodil us. 
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Order XXII. DIXOSAUHIA. (KxWmt) 

(.^crvieiil ninl nutcrior dt)rsal vertobne with ])ar- and di-a])0- 
jdiyses, avtienlatini^ with hifiireate ribs; a ie\v anterior vertebne 
more or less convex in front and cupped behind ; the rest 
with flat or slightly concave articular ends ; dorsal vertelirie witli 
a neural platform; sacral vertebne exceeding* two in luimbcr ; 
body siqjported on four strong, ambulatory, nngnicnlate limbs. 
Skill in some armed Iw liony scutes. d\H*tli confined to u])|)(n* 
and lower jaws ; imt)lantcd in sockets. A'\nitricle of heart double, 
(inferential). 

G ciiera , Tf/ufmodon^ SccUdosfnfrns, Mt^t/aJosaurus, 


Order XXIII. PTEIIOSAURIA. (Extinct.) 

Pectoral members, by the ehiiigation of the nnti-bracin'um 
and fifth digit, adapted for fiight. Yortebne pniemlian ; those 
of* the neck very large, those ol’ the pelvis small. Anterior 
truiik-ril)s witli bifurcate heads. Most of tlie bones pneumatic. 
Head large; Jaws long, and armed with teetli. Ventricle of 
heart double (inferential). 

G eiiera, Dimorjfhvdon^ Rumidiorhijuidi w.v, Ptirod<t(:hfhts, 
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CHAPTEE II. 

OSSEOUS SYSTEM OF lUEMATOCUYA. 

§ 10, Cmnpndtloii of hone , — The vertehrate organisation will 
he first (ios(*ril)ed as inanirestod in the great cohl-hloodcd scries, 
iijider tlie diverse inoditieations, and progres^si \'e stages, indicated 
hy the characters of the foregoing subdivisions of the class, 
ibit before entering upon the <]etai!s oi‘ the osseous system, some 
obs(‘i‘ vat ions must l)e i)remised on the vertel>rate skeleton in genca-al. 

The original sul)stance of all animals consists of a Jluid with 
granules and cells. In the course of developement tubular tra(‘ts 
are forined, some of wh id i become filled with ‘ neurine^ or nervous 
matter; others with ‘ myonine’ or muscular matter ; orher portions 
are converted into vessels, glands, &e. ; l>ut a great proportion 
of substance, akin to primordial, remains as ‘ cellular tissue.’ 
riiis, as a rule, ))econies liardened in c(H*taiu parts of the body of 
vei'tebiates by earthy salts, chiefly phos[)hatc of lime. Thus 
the tissues called ^ostcine’ or bone, and ‘dentine’ or tooth, 
arc constituted; between wlfudi the chief distinction lies in the 
mode of arrangement of the earthy partleles, in relation to the 
maintenanee of a more or less tree eireidation of the nutrient 
jiiiecs through such hardened or calcified bodies. 

Fishes liMve the smallest pro[)ortion, birds the largest jiropor- 
tion, -of the earthy matter in their boues. The animal or soft 
t)ai‘t ill all is ehictly a gelatinous substauec. 

riioroirnoNs of faim'iiy ou iiaijd,* and of animai. oii soft, matter ix 
TIM-: iJONES OF Tin: VEirnaaiATE animals. 


FISHES. 


• 

Salmon 

Carp 

Cod 

Soft . . 

. 60-02 

40-10 

34-30 

Hard. . . 

, . 30-38 

,59-60 

65-70 


100-00 

100-00 

100*00 


* This has been termed ijiorganic ; but that the combination of pliosphorus and 
^’Jilcium has ever taken place in nature sa\e under tlic influences of a living organism, 
^’tniains to be proved, 

• C 2 , 
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RKITII.KS. 



Frf):r 


.‘MlJike 

Li/.nril 

Soft . 

. . . a.5 r>o 


.31 04 

•t()*G7 

Huvl . 

. . . (>4-o0 


CSllO 

53-33 


100 00 


lOOOU 

100' 00 



MAMMXLH. 




rorpuise 

Ox 

T.ion 

Man 

Soft . 

. M.VOO 

.31*00 

27*70 

3 1 -0.3 

Ilaixl . 

, 04 -m 

r>o-oo 

72-30 

(i8-l)7 


100-00 

10000 

100-00 

100-00 



muDS. 




Ooosi.* 


riiikfy 

Hawk 

Soft . 

. . . .3-2*01 


30-4'J 

‘20-72 

Hard . 

. . . or-o!) 


G9-.7 1 

7.3-2S 


loo 00 


lOO-OO 

lOO’OO 


.From tl^‘ al'ovo tal>lo it will 1)C that the bone^ ol* the 
fVesh-wiiler tishes hav(^ m^ire aiilnral matter, ami are, eoiiscMjiiently, 
]li 2 :!it(‘r than tlmse ol* fishe>< from the. cltaiser eleinoiil of sea- 
water; and lliat the marine mammal called Porpoise ililfers little 
iVom the .sea-fish in this respcad. The l)atraehiMn Fro^’ lia.s more 
animal matter in its hone.s than the ophidian or saurian reptiles, 
and thereby, as in c»thor respe(*ts, more resembles the fish. Sm*- 
pents almost etpial i)ird.s in the tcreat |)ropt)rtion ol' tlie o.sseons 
salts, and lien.ee t!»e density and ivorv-like wlnteness of theli 
bones. 

The ehemieal nature of the hardening partielo.^, and ol' the .'^olt 
basis of bone, is exempllRed in the subjoined Table, inelmllng a 
species of each of the lour ela.sse.s of Vertebrata: — 


ciiKMrcAL cxoiro.srnoN or KONrs. 


I DiospIiMte of with trace of tliiatc 

I of liiMi: 

I Carho.oitc of lirno . . . . 

I rhospliate of niM;j:noi‘in 

Snljifiate, c£irl>«>iiiitc, aiul chlornte of 

I 

i G Inti 11 {in<l chon (hi 11 . . . . 

I Oil 


# 


Hawk 

M.ui 

'I'ortijiso 

Cr.cX 

64-30 

.50-0.3 

,52 00 

.57-20 

7-03 

7 -.33 

1-2-53 

4-00 

0-04 

1-32 

0 82 

2-4U 

0-92 

1 0-00 

0-00 

1-10 

2.5-73 

20-70 

31-7.5 

32-.31 

0-99 

1-33 

1-34 

2-O0 

10000 

j 100-00 

100-00 

*100-00 
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§ 11. Dcvdopemmt of hone , — The primitive basis, or ‘ bluvS- 
toniii,’ of bone is ii siib transparent glairy matter containing 
minKM’ous minute eorjiuscles. It progressively 

actjnlres inereased linnness; sometimes assuming ^ 

a m('ml)rarK)Us or Ugamentous state, usually 

a gristly eonsistenee, bef()re its conversion into 

l)()}ie. The (diange into (airtilage is n()teil. 

the a])]>ea»a.nec ot minute nueleated cells; Avhieh 

increase in number and size, and arc aggregated 

in rows, with intercellular tracts, where the ossi- 

iicaticni is about to l)(‘gin, as in tig. 9. These 

rows, in the cartilaginons basis of long hmje^s, ‘ / 

are \ertlcal to its ends; in that of flat bones . ' 

, , Si’fi i>»ii of ll•lll|ll•^:ll^v (’!irf! 

tliev are vertical to the margin. The cxdls 

- . ,, 'll!' tuw.inl.^ (i.Tsi- 

Inrtln’si from trie seat ot ossinealion are tlat- ncnon. n.. 
tciKMl and in eloscicontaet ; m^arest tliat seat they become enlarged 
and sc[)Hrate<l. In fig. 9,/^/ is the Intereellvdar dv ^ mtercolnmnar ’ 
tissue; /j tlie eni:irg(‘<l cell-wall; c 


(lu‘. nne]<n!s. Hie first appearaucc 
<»!' Inme is tlial of minute granuh's 
in tlie inteiv'olnmnar and ifitere(*llu- 
lar ii'sne, fig. 10, f/. Canals are 
next {('rm<‘d in the hone, l*y ahsorp- 
iion, wliieli nltimaiely receive blood- 
vc: .'ols, and hecome tin; ‘ vaseidar 
canals.' Tin- imnuMliate mitriiion of 
hone is providt'd for Ijv the |)roduc‘ 
lion of minute ‘ pla-niatie canals' 
I’roin tlie va ■•nlar ones. 



In most indies the |fia?nn:itie canals are free from partial dllata- 
lioiis, and apiiearas in the magnilied section of bone, fig 11; when; 
ff shows the area of the ‘ \ asc‘nlar canal,’ and h the orifices of the 


' ]»l:isinaiic f-analsf exposed in a longitudinal section of a vascnlar 
canal. In some fishes, e. g. the (iarjfike (7>V'/o//c), ])artial dilatations 
<lo occur in the plasmatic canals, of the tbrm shown in fig. 12, t/; and 
ni a Sea-1 irojy 11 (AV//y//^s) of that marked c; in tlie Frog tliey are 
V’ider and more delimNl, as in the two dilatations sliown at a. In 


t^er|)euts, e. g. the P//tfioH, tluw arc commonly, where best defined, 
<)1 the elongate oval form shown in i, 2 , and a, fig. l.'l; hut in 
transverse section they ai)])ear as in 5 and o. In the bird, e. g. 
the (Joldfineh, they have the form sliown in ^j,fig. 12. In liumaii 
hone they assume the I’orms represented in fig. 14. When so 
delined llicy aix^^tcriiied ‘ lacinuc ’ or ‘ bone-cells ;’ and, mi some 
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degree, cliaracterisc, by their shape and size, the osseous tissue of 
the respective vertebrate classes. In the concentric lamintc sur- 

11 



rUismatlc canals In a a f i, longifiulmai, sivtii.ij 

of va^c uIh r oa»in I i/IY* m eh, < 'i,..) 


rounding the vascular canal, fig. 15, <7, the hone-cells aio 
arranged concentrically, hetween the lainirne, with (he long axis 
12 13 



in the direction of the circular line of the plate. Mo>st of the 
plasmatcc tubes continued from the bouc-cclls pierce the plates at 
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riglit angles in their course & tlic vascular canal, with which they 

coinnvuniciitc ; aud they fonii the H 

essential vehicle of the iiiatorial - v, wi-'-. 


§ 12. Growth, of hone, — In 
ii.shcs the bones continue to grow 
(hronghout: life, and tlieir pen- 
j)li(n-y, wliether in tlio fiat bones of ^ 
the head whicli overlap each other, jfpi) ' ' 

<jr 111 the (liichor hones that inter- i'i*‘*(‘'‘finH;i>~ini»sii.y(in. iiou-i'. usii, 
lock, is cartilaginous or nieinlininoiis, and the sent of progres- 
sive ossification, 'riic long hones of most rejitiles retain a layer 
of ossKying cartilage heiieatli the terminal arfieiilar cartilage; 
and growth contiunes at tlieir exlremiiie.s while life endimes’ 



1r:in,'M ivi- ,-n fi.,ii front tin.* di'iisr port imt nf lln'lnnimti fi viiiir. ci,. 

Some of the long bones in Irogs, l)irds, and most of those in mam- 
s, have their ends distinct fVom the body or sliaft of the grow- 
ing hone; these separately ossified ends are termed ^ ej>iphyses\- 
1 1(, seat of the active growth of the shaft in a cartilaginous 
Cl ust at the ends supporting the cpi]^)Iiyses. When these coalesce 
1 1 C shaft, ^jf’owth in the direction of the bones axis isomes to 
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fill end; l)nt tliere is a slower growth ^olng on over the entire jicri- 
l>hery of tlie bone, whieli Is covered In- a memlirane, called tlic 
‘ periosteum.’ lu this inenibrane, the vaseulai’ .system ol a hone, 
cxee])t the Aessel snjiplying the marrow-cavity, undergoes the 
amount of subdivision wliich reduces its caifillaries to dimensions 
suited I’or penetrating tlie pores leading to the vascular canals, 
figs, 1 1 and 1;5, //, a. 

Thus bone is a living and vascular iiart, growing liy in- 
ternal molecular addition and r;hange, and having tlie ]H)wer of 
repairing fracture or other injury. The shells and crusts oi* 
molluscous and crnstju*eons animals are unvascular; they grow 
by the addition of Livers to their (‘ircumrcri nci*, ina\ lie (*asL oil 
when too small for tlie growing body, and be i‘ej>r(uluced of a 
more (‘onfornmlde si/.(‘. \\'heu {Vactur<*d, the broken ])arts may 
be cemented togetlier by newly superadded shell-sni»slan('e iroiii 
without ; hut are not unituhle by tlie action of the (Vactured siir- 
laces from within. 

Extension of ])art.s, ]iowev(‘r, is not the sole jirocess wliiclt 
takes [dace in the growlli of Ixme: to adapt a hoiu^ to its destiniMl 
office changes ju-e wrouglit iii it l»y the remosal (>!' jiarts pre- 
viously I’ormed. In fishes, indeed, we obscr\'e a simple niimodi- 
fied increase. 'I’o whatever extent tlie Ijone is ossified, tlait pari 
remains, and conse([iiently most of the liones of iisluts an' solid <ir 
spongy in their interior, exeept where the ossification lias liei'n 
ri'sti'icted to tlie surfice of th<‘ primary gristly mould.’ llu' hones 
of the heavy and sli'.gglEi turtles and slotlis, of the si'als, and of 
the whale-trihe, are sdiid. l>ut in tin' active land (iiiadrnpi'ds, tlie 
sliaft of the long bones of tlie limbs is iiollow, tlii^ first fornu'd 
osseons substance being ab.sorbed, as new ixme is lading di'jiosltJMl 
from without. The strength and lightness of the limh-liones are 
thus increased after tlie well-known principle of tlie Imllow cohimn, 
which Galih^o, by means of a straw [licked np from bis [irisoii 
floor, exemjillfied, as an evidence of design, in r(dntation of a 
charge of Atheism hronglit against him hy the ln([iiis!iion. Tlie 
bones of bii-ds, es[ie(*ially tliose of powerful flight, are remarkahle 
for their I'ghtnes.s. The osseous tissue itsi'lf is, indeed, more 
com[)act than in other animals; but its (jiiaiitity in any given 
bone is much less, the most admirable economy lieing traceable 
throughout the skeleton of birds in the advantageous arrange- 

* In this case, exeniplifierl in hones oF the ./.o/y///w.v, (rt/rosfi‘us\ and the lower 
Batrachia. ro.ssilisation, whieli nflects only the ossilied enist, leaves tlic aepearanee. 
through the xdniion of tlie niio.'.siried curtilajje, of a wide medullary cavity, which 
ini.L!.ht inisV'.^inl tlic I’alict nlolojji.st in his inferences. p 
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nieiit of tlie wrighty rnateriaf. Tims, in flic long boiios, tlie oavi- 
ik*s analogous to those called ‘ incdullary ’ In beasts, arc more 
ca])a(‘ious, and their walls arc much ihiimer: a large a])ertur(^ 
called tlic ‘ pneumatic foramen,’ near one end of the bone, coi]i- 
municritcs with its interior; and an air-cell, or prolongation of the 
lumr, is continued into and lines the cavity of the bone, which is 
tlins tilled with rarefied air instead ol* inarrpW'. The extremities 
<4* such air-btmes [n’csent a light open net-work, slender columns 
shoot inLi' across in diUcrent directions from wall to wall, and these 
little colnmns are likewise hollow. 

In the mammalian class, the air-cells of bone are confined to 
liead, ami arc filled from tbe eavities of the nose or (*ar, not 
iroin the liuigs. Sncli <*ells are called ‘ Jrontal simis(‘s,’ ‘an- 
trum,’ ‘ spticimldal,’ and ^ ellnnoidai siniisr‘s,’ in man. The 
frontal sinuses extmid haekward over the top of the skull in the 
riJiniiiant a))d some other (juad!*n])eds, and ]>cnetrate flic cores of 
ih(‘ liorns In oxen, she(‘p, and certain aiitclopes. The most re- 
inarka’iio dcvolo|uMU(‘;il oi* cranial air-cclls is ])res(mted by the ele- 
phant: the infcllecinal j4iysiognoniy of this hugXMpia'iniped hehig 
cactsed, a< in the. owl, not by the a‘‘tnal ca]an*ity oT the brain ease, 
i)v llu* vast c'xient oi'‘tlie j)nemn:itlc cellular struct nre between 
the outer and inner plates of* the sknll-wail. 

in all t!i(‘se varied modifications ot the osstams tissue, the i‘av;- 
tles ihcrcln, whether mere caneelli, or small mednllary cavities 
as in llic Crocodile, or large medullary cavities as in the Ox, or 
])!!('iimalic eavities and sinuses as in tlie Owl, are the result of 
secoiidarv cliangr's bv aV>sor[>tion, and not ol tlie [n*iniiiive consti- 
tution ol* the bones. Idiose are solid in tlieir eommencemcnl in 
all classes, and tlu‘. vacuities are establislied by the removal ol' 
ossnoMs matter previously (‘ormed, whilst increase proceeds hv 
fr(‘sh ))onc Ix'ing a<lde(l to the exterior surface. T he thiiiuest- 
walled and widest air-bone ol the bird ot flight was first solid, 
iH^vt a niarrow-lione, and linally became the ease o( an air-ecll. 
The soli(i Ixmcs of tiu^ Ihuiguin, and the medullary lumes of the 
-V[)tervx, exemjilily an\'sted stag(*s ot that coursiMil develo])emcnl. 
through which tiie ]mcuiiiatic Vving-bono ot the soaring hhiglc had 
prev iously jiassed. 

But these mechanical modifications do not exhaust all the 
changes through whieh the parts of a skeleton, ultimately becom- 
ing bone, have passed ; they have been previously ot a tibrous 
<'r of a cartilaginous tissue, or both. Entire skeletons, and parts 
ol skeletons, of vertebrate animals exhibit arrests of these early 
Mages (>f (lovelo^iciiienl ; and thisqiute irrespective of tlnv^'i’adc o.l 
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the entire animal in tlie zoological scale. Tlie capsule of tlic eye- 
ball, for example, in man, is a fibrous m(?mbraiie; in tliC Turtle, it 
is gristle; in the Tunny, bone. The skeletal framework of the 
Lancelct {Ihanvhiostoma) docs not pass beyond the fibrous stage 
of llssuo-ciiango. In the Sturgeon and Skate it st()])s at the gristly 
stage, and lienee these fishes are called ^ cartilaginous.’ In most 
fishes, and all air-breathing vertebrates, it jirocet^ds to tlie bony 
vslage, with tlie subsequent modifications and developements above 
recited. 

§ Kl. Cinssra of hone, — Bony matter is variously disposed in 
the bodies of vertebrate animals. Tlie Trunk-fish, fig. Id, dn^ dp^ 
dii, the Crocodile, and the Armadillo arc instances of its accninii- 
lation upon or near the surface of the body; and hence the ball- 
proof character of the skin of the largest ol* these mailed examjiles. 
Tlie most constant position of bone is around the central masses 
of the nervous, ib. and vascular, ib. //, pU systems, with rays 
tlienee extending into the middle of the clilef iniiscnlar masses, 
forming the bases of the limbs. .Portions of bone are also diive- 
lofied to project and otherwise subser\'c the organs of the senses, 
and ill some species arc found encasing mucus-diicts, and burled 
ill tlie subslance of certain viscera — as, e. g. the heart in the 
.Bullock and some oilier large quadrii|>eds. Strong membranes, 
called ‘ aponeurotic,’ and certain tendons, ]>eeom(i bony in some 
animals; as, e. g. the • tentorium’ in the ('at, the temporal fascia 
in the Turtle, the ^ leaders’ of the leg-muselcs In the Turkey, the 
nuchal ligament in the ^lole, and certain tendons of the abdominal 
mnseles of the Kangaroo, which, so ossiiii'd, 
are called the ‘ marsiqiial-hones.’ The jiri- 
mary (jl ass ifi (nation oj‘the parts of the osncous 
system is, therefore, according to tlicir jiri'.- 
valent ])osition, as in the cases above cited. 
The superficial or skin-l)ones constitute the 
‘ dernio-skeleton ’ ; ^ the dceji-seatcd bones, in 
relation to the nervous axis and locomotion, 
form the ‘ neuro-skeleton ^ tlie bones eon- 
of asid donno ucctcd With thc sense-oi’imiis aiid viscci'a 

.‘•IcoloLons, Ofiiraciim i i ~ % 

lorin the S^planchno-skeleton’;^ those de- 
veloped in tendons, ligaments, and aponeuroses, the ^sclero- 
skeletori.’^ 


IG 



* Gr. derma, skin, ainl ahcldon. 

* Gr. mvjfm, nerve, and sheMon. 

Gr. spJagehnem, viscij^, or inward part, and skeleton. 
^ * Gr. sekros, hard, and skeleton, . 
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In tlie arrangement of the* parts of the dermo-, splanchno-, and 
sclero-skclctons, no common pattern is recogiusahlo. One can 
bjit discern a purpose gained by such bony plates, cases, or rods, 
in special relation to the habits and well-being of the creatures 
inanifesting them; but the diversity in the number, size, shape, 
and relative position of dermal, teudinal, and visceral bones seems 
interminable. The neuro-skelcton, which itrthe main j)art of the 
osseous system, and might be termed the ^ skeleton ])roper,’ ex- 
emplifios not only the principle of design and ada|)tation, but 
lliat of unity of composition. Its })art.s arc arranged in a series 
of segments following and articidating with each other in the 
direction of the axis of the body. ^ 

§ 14. Type seffment or vertebra, — Each complete segment, 
called ^ vertebra,’ consists of a series of osseous i>icces arranged 
according to a tyjie or general ])lan, exem- 
])li(ied in fig. 17 ; in whi(‘h they form a 
lioo]» or arch al)()ve, and anotiier beneath, 
a central piece. The u])|)er hoop, eiKarcling 
a segment of tbo nervous axis, is called the 
ncnraE arch, N; the lower hoop, encircling 
a [)art- of the vascular system, is called the 
liicinaP arch, li : their common centre is 
termed the ‘ eentnnn.’'' 1'he neural arch 
is i*ormcd by a pair of bones, called nenra- 
pophyscs,’^ y/, Uy and by a bone sometimes 
cleft or bifid, called the ‘neural spine,’ 

//.v: it also sometimes includes a pair of 
bones, called ‘diapojdiyscs’’’ r/, d. The luemal andi is formed by 
a pair of bones, called ‘ plcurapo]>liyscs,’'’* j)l\ by a second pair, 
called ‘ haMnapoj)hyses,’^/i ; and by a bone, sometimes bifid, called 
the ‘ hannal spine,’ hs. It also sometimes includes parts, or 
bones, called ‘ j)arapo()hyses.”* Bones, moreover, may be developed 
wliich diverge as rays from one or more oi* tlie above ]^arts. 

The parts of a vertebi’a wln’ch arc develo|)cd from indef)endent 
centres of ossification arc called ‘ autogenous ; ’ those tliat grow 
from previously ossified parts arc called ‘ exogenous : ’ the autoge- 
nous parts of a vertebra arc its ‘ elements,’ the exogenous parts 
arc its ‘ processes.’ No part, howevei*, is absolutely autogenous 

* Gr. neuron^ nerve, * Gr. dia^ across, and apopkvsis. 

Gr. Iiaima^ blood. ® Or. phunm, rib, and apophvsis. 

Gr. hentron, centre. ^ Gr. for bl9od, and apophus'is. 

Gr. for nerve, and apophms^ a pro- i Gr. para, trails verse, and apopJnisifi. 
jocting part. l . 
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tliroiiglioiit the yertcbnitc scries; aiid some parts, usually exo- 
genous, are autogenous in a few instnuees. 

Tlie Ycrtehral elements are, the centrum 
(\ the neuraj)o|»liyses // ; the neural s]>ine 
ws, the ]>leura[H)[>hyses yy/, the hiemapo- 
]>hyses A, ami the haM)ial spine hs. The 
exogenous parts are the (r!apoi)hvsis r/, tlie 
p;ira]>ophvsis yy, the zygapoplyysis r,’ tl)e ana- 
]) 0 [)]iysis ^/,“tiie metapophysis tlie hypa- 
])o]>hysis, lig. 17,//,^ and the e])a[)op]i\sis, 
lig. 17, ()(* the autogenous ])arts, the 

neural spine is most commonly extygenous; 

K'!:!iM'!Mir \ rri'.-O I * , i i i 

of the exogjenous parts, tlu? ])arapopli\ ses, 
dia}u)]»hvscs, and liypa|)ophyses, are sometimes antogenons. 

\\;rtelme are siihjeet to inauv and great modilieatioiis — e. g. as 
to the uumi)t‘r of the ('Icments retained in their eomposition, as to 
the form and jiropiirtion of the elements, and oven as to the relative 
position of tlie elements; Imt the latter naxlificaiion is never 
eavfiod to s^4eh a degree as to obseiirc the g’eneral patti'rn or 
lV|)e of the hony scganent. 

vSometimes, as in tlu' example, fig. IH, of the third segment of 
the Imman skeleton, the neural arch, n, is imich expanded, th(‘ 
luemal one, i!, is contraetcv! ; and, in the exjximled neural arch, 
the aulogeiious diapujiliyses, are wedged between the iieura- 
jiopbyses, ami the emnanously expanded neural spine, 'Mon' 
la eominonly, ;is in the (‘xample from the tliorax, tig. 




If), the liaanal andi, Its, is miielt exiiamled, the neural 
one. t), e»>ntraj-ted ; and the parapophysis is ri'pre- 
s<'iited sometimes hy the exogenous growth iVom 
tlie ^aaitnim, commonly by lliat, p, from the rib />/. 
Sometimes, again, as is exemjilified in the neek of 
the bird, tig. 20, and tlie tail oT the C-rocodih', both 
neural and liaanal arciies iire alikc^ eonliueted, lli<' 
])leuraj)opliyses, y//, being exelndeal from the latter, 
ami standing out as eontimialioiis of the eontluent 


diapo])hyscs and paraiiophyses ; and tlie^liaanal areh 
being Ibrmcd, ellher by ha'inapophyses (Croeodile), fig. 7, or 
hypa[iophyses (birel), fig. 20, Sueli vertebrjc deviate but 


little from the ideal type, under its less developed eoiiditioii, 
a.-, in fig. 7. The segimaits are eominonly sim])liiled and made 


» Or. z?/f/av, jiinctMjii, !}f.ul npofthusis. ^ (Jr. /otpn, below, Mnd apopItvstM. 

•• (Jr. //«//, bjickwards, iUu\ apopfiiisis. * Or. cpi, above, and apopfiusis. 

Or. mekt, between, and apophnstk. 
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smiillcr as they approacli tl|e end of the vertebral col iinni ; one 
(•lenient or process after another is rc^inoved, until the vertebra 
is reduced to its centrum, as in the sulijoincd diagram, lig. 21, 
of the archetype vertebrate skeleton. 

§ lo. skeleton. -~h\ this scheme, whiih gives a side 

view of tlie series of segments or ^ v ertebrai ’ of oo 

which the skeleton is <X)m]U)sed, the extianne 
ones are the scat of those modificaitions, whit^i, 
according to tluilr kind and degree, impress 
class-charactei’s uiion the type. 

The four anterior iuaira])o[)hysGs, 14, lo, 
y/ <j, 2, give issiuj to the nerves, the terminal 
inodllicatiiins of which constitute the orgjvis 
ol* snecial sense. Tliat of smell, i, is*, is 

‘ ’ (^'ivic.'il '(•'.Titic-nf. i-r 

situated in advan<?e oi its proper (nasal) seg- vrui.n 

mont, which hecoimis variously inodltied to (andosi* and prote(*t 
it. The organ of sight, lodged in a cavity or ^orbil ’ lie- 
tween its own (the frontal) and the nasal segment, is lierc 
drawn above that interspace. The nerve of taste perforates 
the neurajioiihysis of the third segnumt, 6, or* passes ' hy 
a notch lietwcen this and the frontal segment, to exiiand in. the 
sense-organ, or ‘ tongue,’ which is supported hy llio hamial spine, 
11 , 42, of its own (iianetal) segment. The lourth is the organ 
of h(‘ariMg, lO, indicated above the inters|»ace lietwcen the iienra- 
pophysis of its own (oC(;i|>ital) and that of the anteeedmit (tiarietal) 
vertebra, in which it is always lodged; the siirrouiiding vertebral 
elements being modiiied to form the cavity for its recejition, which 
■IS called ‘ o toe ran e.’ 



The jaAvs are the modified luemal arches of tlie hirst tAvo seg- 
ments. The mouth opens at the interspace hclAveen th(‘se luemal 
arches; the ]iosition of the vtmt varies (in lishes), hut always 
oiMMis behind the pelvic arch, s, r,2, 03, y;, Avhen this is ossified. 

()ntlinc»s of the chief devclopcments of the dermoskeleton, in 
dilferent vertchrates, which arc usually more or less ossiliod, are 
addtn] to the neiiroskeletal archetyjie ; as, e. g. tlie im'diau honi 
suppovteil hy the nasal spine, i5, in the rhinoceros ; the jiair of 
lateral horn^s developed from the frontal s[)iiie, ii, in most rumi- 
nants ; the median folds, D i, i) u, above the neural spines, one or 
more in number, constituting the ‘ dorsal ’ fin or fins in fishes and 
eotaceaus, and the dorsal hump or humps in the bu Haloes and 
eamels ; similar folds are sometimes developed at the end of the 
tail, forming a ‘caudal’ fin, c, and beneath the luemal s])Iiies, 
constituting the ' anal ’ fin or fins, a, of fishes. 
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The different elements of the pri- 
mary segments are distinguished by 
peculiar markings : — 

The neurapophyses by diago- ///// 
nal lines, thus— 

The diapophyscs by vertical ||||j| 
lines— llllll 

The parapophysos by horizon- 
tal lines — 

Tlie centrum by deciKSsating 
horizontal and vertical lines — tlimlj]: 

The pleurapo})hyses by diago- mu 
nal lines — 

The appendages by dots — ‘ ! ! ! ! 

The neural s|)ines andlnenial spines 
are le;f*t hlank. 

In certain segments the elements 
are also specilied by the initials of 
their names 

ns is tl\e neural s|)ine. 
n is the neurapophysis. 
jd is the pleurapophysis. 
e is the centrum. 
h is the lriCinapo[)h 3 sis, also indi- 
cated by the miml)crs 21, 29, 
44, 52, 5H, 03, 04.^ 

hs is the hiemal spine. 
a is the ai)pendage. 

The centrum is the most constant 
vertebral element as to its exist(?nc(v, 
!)iit not as to its ossification. Tliere 
ire some living fishes, and formerly 
:herc were many, now cxtln(g, in 
fvhich, whilst the pcrlj>hcral elements 
>f the vertebra l)e(!()mo ossified, the 
icntral one remains unossified ; and 
icre a few words are ro piisite as to 
he dcvclo])cment of vertebrae 

§ 16, TJenchrpement of vertebra *.. — 
The central basis of the neiu'oskeleton 
s laid down in the embryo of every 
rcrtebrate animal as a more or less 


* See of Synonyms, Special Homologies,* for the 

- hy numbers. 
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cyliiKlrical fibrous shcatli, filled with simple cells coutalning jelly. 
The centrums, or bodies of the vertebne,’ are developed in and 
Irom the notochord. I'he bases of the other elements are laid 
down in fibrous bands, diverging from the notochord, and giving 
ilie first indication of the segmental character of the skeleton. 

In Dennoptm the neu- 
ral and luemal canals are 
(brmed by a sei)aration of 
the layers of the outer 
di>isioJi of the sheath of 
1 lie notochord, fig. 22. A 

transverse, partition divides the larger portion of the neural canal, 
lodging the myelon, from a smaller portion above containing 
adipose tissue. In the Lancelct the substance of the noto- 
chord, fig. 23, c//, consists of a number of circular discoid 
or llattcmed Aesicles, jiressed one upon another Avithin tlie 
sheath, like a ])ile of coins iii a purse ; the sheath is strength- 
ened by a longitudinal filamentary ligament above and below. 
Apojieiirotici scjjta pass otf, with each jiair of nerves, to the 
iiVLers[)aces of the muscular segments, giving attifchments *to 
the fibres. A median vertical membrane rises from the neural 
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dieath, and beyond the abdominal cavity descends from the ha>mal 
sheath, passing between the right and left series of myocommata. 
The dermo-neural and dermo-hieinal spines arc indicated by short 
linear series of firmly adhering flattened cylindrical cells. The 
next step in the skeletal tissues is shown in a pair of jointed 
cartilaginous filaments, fig. 23, A, which bound or strengthen the 
hord(3rs of the longitudinal oral slit, each cartilage supjxuting on 
conical prominences the oral cirri (ib. /, /): numerous carti- 
laginous filaments strengthen the sides of the branchial cavity, ib. 

with hitervcning fissures, not opening upon the skin. In the 
Lamprey cartilaginous ncurapophyses, fig. 24^ w, w, strengthen the 
sides of the neural canal. In thc^ Sturgeon, fig. 25, the inner 
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layer of the notochordal capsule has jissuinod the tcxtiiia; ol tough 
liviillne (‘Jirtilage ; and not (»n1y are tii’in opake caiiilaginous 
iieurapophyses present, but also parapi>])hyscs, plourMtH)[)hyses, 
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and neural spines, ^'rijo part of the i\eura])0|)liYsis boundino* the 
true neural eanid is usually distinct iVoin that la)unding the fat- 
filhnl fissure above. The ])araj)Ophyses are united by a. eon- 
tinuous ]»lale of cartilage forming an inverted andi l)enea.tli tlie 

aorta. In the trunk, ana- 
logous to that fonned by 
bone in tlie lower noek- 
vertebrai oi‘ bii’ds, iig. ^0. 

In the Chunwra slini- 
der subossified rings 

r> 

ap})ear in the carlilagi- 
nous sheatli of the noto- 
ehoi’d, whieli are more 
numerous than the neu- 
ral arches. These, where uneoidluent with eaeli <»ther, aie 
distinct also (Vom the ]>ara]) 0 [)hyses, whieb in the tail bend 
doNvn to form the hicmal arelies. In tlie jMedilerranean (in*y 
Shark {NothhuuLs chicraus^ the verteb]*a1 centres aia^ still feel)ly 
and irrehitivody marked out hy imnieroiis slcndt^r rings of liard 
eartilagein the notnelionlal caj»side, the miiidxn’ of vertehrjc being 
more dofiuitely indicated by the ueuraj)opliyses and parapo[iliyses ; 
hut these remain (airtilaginous. 

In the Ije])ldosiren tl»e ])enphoral vertebral elements, fig. 41, 

/>, //.S-, are ossified, but the notocihorfl, rh, with a thicker and 
condensed (*aj)sule, remains. In tlie Piked Dog-fisb, (^Aanithias) 
the vcrtehral e(;nti’es eoirnnde in nuinlua' with the nciij-al arches, 
and arc defmerl l)y a thin plate of l)one, shaped like an hour- 
glass, and forming the eonieid cavity at each (md of tlic cenlruni: 
the rest of whleh is cart ilaginous external to the ‘hour-glass,’ and 
snbgelatinous witliiy. its terminal cavities. In tlie Spotted Dog- 
Jish {Scf/lliam) the two thin bony cones of each centrum are con- 
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fluent at tlicir apicovS, which arc perforated, and the notochord, 
reduced to a beaded form, is continued through them : the 
exterior of the bony cones is occupied by 
a clear cartilage. In the Porbeagle Shark 
{Lamna (umiuMca^ further ossification of 
the conical plate has reduced the central 
coininiinication to a minute foramen. 
seous plates have also been developed In 
tlie exterior clear cartilage: these plates 
are triangular, parallel with the axis of tlic 
vei*tel)ra, their apices converging towards 
the ccaitre: tiic Interspaces are filled by 
cartilage. In the great Basking Shark 
{ Hdache ywrt.r //«('/) tig. lid, the longitudinal bony lainiiue are more 
numerous and sliorter than in Lamna., are periplu'ral in |)osition, 
and extend about one-tliird oF the wav towards the c'cntre of the 
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interspace betwceji tlie terminal cones, tin' rest being occupied by 
a sen’ies ot‘ concentric cylinders of bone, interrupted by four 
conical conv(Tging cavities, filled by cartilage; of these;, two, 
are closed by tlie bases of the neurapophyses, and two, p, by 
tliose of the parapojihyses. There is a transition from the cylin- 
drical to the longitudinally lamellar structure, the exterior and 
largest of the cylinders sending out processes which join tlie in- 
ternal margins of the convergimr lamelhe. In the Monk-fish 
{ S(/nalina') the osseous pai*t of the centrum between the termi- 
nal (toiK's is (‘utirely in the form of concentric layers, few in number, 
and decreasing in breadth as they approach the centre. In the 
Cestraclon there are no concentric cylinders, but only longitudinal 
lamelhe, radiating from the centre to the circumference, and giving 
off short lateral plates as they diverge. 

Ill the Topes (Gahms\ the Blue Sharks {Carcltarlas)^ and in 
most sliarks whlidi ])ossess the nletitating eyelid, may lie seen the 
most advanced stage of ossification in tlie cartilaginous fishes: 
the entire centrum, save at the four cavities closed by the neur- 
an<l par-apophyses, is occuined by a coarse lioiie, more compact 
where it forms the smooth exterior surface and that of the ter- 
minal artl(mlai» cavities. In Ovsscous fishes (most Telcostomt) the 
neur- and par-apo])hysial cavities lire obliterated by bone, and 
the neiir- and par-apophyses arc confluent, or suturally joined, 
with the centrum ; but they retain a greater proportion, than in 
higher classes, of the primitive gelatinous basis, which fills up the 
dee]) cone or cup at each end of the centrum, flg. 27, c c. Only 
in the ganoid Lepidosteus, among fishea, does ossification so extend 
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as to obliterate the front cavity, and 'protrude into the hind cavity 
of the precedinjj; vertebra, 28 ; thus establishing a oup-and- 
ball articuiatioii on the opisthoccellan ’ plan. 
T\m eup-and-ball structure prevails throughout 
tlie air-breathihg, land-seeking, or terrestrial, 
Ilrrmatocn/n. So interlocked, the vertebric are 
better fitted to support the body in air, and 
transfer its weight to legs. Sometimes the cup 
is behind, as in the land-salamander, the Surinam 
ficarHK (Pipa), and some extinct crocodiles, thence 

called Strepfospondi/bis ; but, as a general rule, existing reptiles 
liave ‘ procoilian’ vortclme, or with the cup in front. In many 
2S extinct reptiles ySauroptrrt/fjhf^ Dhtosanrla) ossi- 

fication was so advanced as to leave no cavity 
at either cud of tlie centnim; and these parts 
were coarllcnlatetl by flattened or almost flat- 
tened surfaces, as in mammals. Finally, both 
extinct and recent llc])tilia afford instances in 
whi(‘h (he juirts or elements of the vertebra have 
coalesced into one hone. 

Tlie ])rogre.ssive stages in the dovelonement of 





a vertebra, which have been illustrated by the eliief of those at 
whicli it is arrested in the cold-blooded series, bear a close aiialogy 
to those by which it reaches the coalesced condition as a single 
bone in the warm-blooded classes. The [»rincipal secondary and 
adaptive modifications will next be pointed out Avliich mark with 
special chara<.*ters the collective trunk-vertebrie in Ilmmutoeri/a, 

§ 17. Vertehrul column of Fishes, — In the Sturgeon {Aci- 
penser), fig. 29, the first five or six neural arches are confluent 
with each other and with the parapojfliyses, forming a continuous 
sheath of firm cartilage (fig. (>2), inclosing the fore part of the 
iU)t()chord, ib, and myelon, and ]>erforated for the exit of 
the nerves. The tapering end of the notochord is <;ontinued 
for ward into the fused laisal elements of the cranial vertebric, 
y 3 l)ack\vard into the base and npj)er lobe of the 
tail-fin, fig. 29, c. The vertebne are re[)resentcd by their 
])eripbcral ('leinents, and principally by the neuml and hicmal 
arches. The pleurapophyses arc limited to alamt twelve of 
the anterior trunk-vert eliric, arc articulated by simple heads 
to f)arapophyses, fig. 02, /;, and rapidly .shorten in the two or 
three liinder ])alrs ; the large ones sometimes consist of two or 
three i)ieces joined end on end, like the modified occipital rib, 
called ‘ scapula.’ Vegetative repetition of i)eri vertebral parts 
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not only manifosts itself* in tlic double pleiir- 
aiul neur-apopliyses on each side, but in small 
intorueural and interh«ajmal cartilages, fig. 2;>. 
These peiipheral cartilages arc more feebly 
devclo|)ed in Spatnlaria, 

In the Cliimieroids (^l[olocti])hali) the bases 
of the ncur- and par-apophyses of aboiit- ten 
of the anterior trunk-vertebnc coalesce and 
form a continuous accessary cartilaginous 
covering of the f'orc part of the notochord ; 
and the confluent neural spines here form a 
br<iad and high compressed plate. Between^ 
tlic neura])(3physes arc wedged accessory iii- 
tcrneural (‘artilfiges. 

I n Ntyfiflftnus, Acantliins, Cmtrma,ii\\d Sci/ni- 
lius, the interneiirals, lig. 30, /*, resemble the 
neurapophyses, if), n, inverted, and arc in- 
terposed, like wedges, between them, with 
llie a])i(‘es reaehing tbe centrum. In Scj/Uuun, 
JMnstfiluSy Sphj/nuf, and Ctirc/tarias^ the in- 
terneurals resombl<* tlie ncura|X)physcs in size 
and sha])e, hut occupy a [) 0 .sitioii above the 
iutervertebral joint. lu Galena the ‘ vegeta- 
tive repetition ’ is i'urther exemplified by four 
stellate points of ossification, one of which is 
intcrvert(d)ral ; and above these arc rudiments 
ol* neural s])incs. Tlic sjnnal nerve directly 
perrorates tlio ncurapophysis ; or, when the 
two roots escape separately, one also per- 
forates the in ter neural. The ]>leiirapophy- 
ses are short and simple cartilages, either 
wedged into the interspaces of the parapo- 
physes (^Notldanns^ Carcharias^ Sei/mnus\ 
or attached to the ends of the parapophyscs 
( Galeaa) of, say, the twenty-six anterior verte- 
brte. Ill Acanthias tlierc may he forty pairs 
of such nhlets,* fig. 30, j)L 

In the flat Plagiostornes (Skates, fig. 64, 
Hays, Torpedos) vegetative repetition mani- 
fests itself ill the multi|)lication of vertehrai, 
and especially of the central elements ; which, 
as indicated by their rudimentary ossification 
in Chimara^ are commonly more nuilierous 
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than the neural arelies ; nor arc internciiral and intorluemal pieces 
'wanting. In Raia clavata these ^ossa intcrealaria’ constitute the 

chief part <d* the noui*al arcli, at the 
anterior part of the vertei)ral column ; 
whilst the neiirapophyses resume 
their ordinary share in its formation 
at the posterior part of the column. 
In Zif(jcvua there are inter>s]>inal 
cartilages. In Rhhwhffft/s a single 
spine answers to two vertebral bodies, 
and Ave may well snp})ose tliis mul- 
tiplication of central pieces to hav(> 
been carried still fartlier in the ])ri- 
nnoval fossil ilay ( Sjfi/iacliorhmf/s) 
from the lower Lias. 

In the anihyIos(Ml em-vical v(n*tc*- 
bra> of tlio Skate the short centrnnis 
are indicated by transverse l)avs along 
the middle ol’ the under ])art. In 
the i\lonk-flsh ( Squatina) tlic lunly 
of the atlas is conllnenl with tlu; 
l)asiocci[>ital, l)ut (lie neural arch re- 
mains distinct. 

The parapo])hyses in most Kays 
pass forward, and then backward, tlie 
angle of one fit ling, like an articular 
]u*ocess, into the notch of flic para- 
pophysis in advance: they do not 
suj)[M)rt jdenrapopbysos ; tlicy gradu- 
ally bend down behind the pelvic 
arch, anil com|)l(ilc the htcinal canal 
• about six vertebra^, beyond it; tlui 

haaual s])incs become flattened in the 
tail of some Uays, 

In osseous fishes a trunk-vertebra consists of a Inconcavc body, 
fig. 27, r, of a jiair of neural lophyses, fig. 31, ft, usually develop- 
ing a s])ine, ib. //.v, from their point of coalescence aliove the 
neural canal ; and ol* a pair of jiarapoihyses, il). p ; to which 
are added in the abdominal region in most fishes, and also in the 
caudal i*egion of some, a pair of ])leurap()]>hyses, ///, figs. 31, 32. 
Ossification usually commenecs in the bases of the neur- and 
par-apophyses, and in the terminal cones of tlie centrum: it 
may > proceed to blend the six ])oints into one bone, and fill 




ANATOMY OF VKllTEBRATES, 


n7 


lip tlic liollow outside tlio (Mines, as indieatcMl hy the dotted 


tract; in the s(M*tiou, fig. 27. 
aperture Is left between the 
tenninal (‘ones, as indicated 
by the dotted line in fig. 31. 
In many fishes the plates 
by which the bone attains 
tJie ])eriphery ol* the centriiin 
leave intersjiaees permanent- 
ly oecn[)ied by cartilage, 
{brining (‘aviti(0S in the dried 
or fossil l)one, ov giving a 
retieulnt(‘- surface to the sides 


15ut, in some, a (Mannuinicatinjx 
31 32 
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of the centrum. The bas(‘s of the nenr- and ]>ar-apophyse.s 
sometimes expand so as to wholly inclose the (Mmiriini before 
coalescing therewith; as, for example, in tlie Tunny, where 
the line of demarcation may be seen at the border of the articu- 
lar coiKMvvity. 

In tlie Pike the neurapophyses seldom, in the Pol^ptmis aild 
Amin, never, coalesce with the CMnitrum : the letter .s* shows the 
neura[)o[)liysial suture in fig. 32. In the Salmonidtp. the ncur- 
ai)ophys(‘s remain distinct from both the centrum and from each 
other, in the anterior vertebi^e ; wdiere each developes a long and 
slender s|)ine.' The ])arapophyses remain for some time distinct. 
Irum the body of the v(‘rtiibra, as well as IVom the rilis. In the 
aniej’i(»r vertebral of the Carp the neurapo[)hyses remain distinct, 
as they do in the atlas of many other fishes, and a suture is ob- 
servable lietwcen the |)arapophyses and centrum in embryo Cyjirl- 
noids. In each vertebra the summits of the two neiira[)ophys(Xs 
usually become anchylosed together, and to their S]>ine; but in the 
l.qyiflimirn, tig, 41, tlie spine retains its character as a distinct 
clement, and is always attached by ligament to the top of the 
ncurapophysis, as it is in the Sturgeon, fig. 25. In the anterior 
alidominal vertebral of tlie Tetrodoii, each of the iieurapo[)hyses, 
though they coalesce in the iiiterspaec of the two spines to form 
ihe roof of the neural (Miiiai, sends up its own broad truncated 
5:^pnie; and these are not much-develojied oldique processes, but 
gradually approximate and blend together, to form the single 
normal spine at the fifth abdominal vcrtebi'a.^ In the Baibcl 
the neural arehes also siitiport two spines, but one is placed 
behind the other. 
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Tertiiiiinl ormdul vertobiw, Swimi nsh. xxi it. 


The iiitei\spacc8 of the iicuval arches arc occupied by a fibrous 
aponeurosis — the remains of tlie primitive covcrlnj^ of tlic neiu’al 

axis: but In 
most fishes the 
arches are ad- 

r„ ‘ (litionallycoii- 

' jiected toge- 

iher by art icu- 
hir or oblique 

^ ' -• I’ »' o ® S c s 

{zypopophy- 
ses)i in ilie 
' l^ike t he ant c- 

Tertiiiiinl ormdul vertol'iw, Swiiril flsh. xxiit. , 

nor one, fit^. 

32, c, Is present, wliieli l^arely touches tlie neural arcli in advaiure ; 
in Foljjptrruii it overla])S that part. In tlic rerch ji posterior 
zyga|)ophysis projects to receive the overlapping anterior one, 
the relative positions being tiie reverse of those in most air- 
l)lVathing verteln'atos. But, in some fishes, a second pair of 
zyga])Oj)hyses are developed, which rescnil)le the normal ])air 
in liigher vertebrates in relative co-adaptation, but S(^em to 
grow as exogenous processes, from the centrum itself, fig. 
31, z. It Is also peculiar to fishes to Jiave arti<ndar pro(a\sses 
developed from the para))ophyses, as, e. g. In the abdominal region 
of the liays, and from tlm caudal vert(.*hra3 of the 8woi*d-fish, fig. 

33, z. In the Tiinn}’’ these processes are branched, and foi'in a 
network about the liaanal canal. In Lortcaria pecidiar ac(‘.essory 
processes are sent out from the neural arcli of the seven anterior ver- 
tehne wliicli abut against the lateral shields of* the d(‘rmo-skeleton. 
The parapoi)hyses arc short in some fishes ( .SV/Z/z/c, Clnpmi, 

of moderate size in many, and longest in the Cod-trlho, fig. 31, 
p, where tliey ex])and in the alidomliial region and sustain 
tlie air-ldadder which adheres to their nml(;r surface. In one species 
of Gadusy the Idadder sends jirocesscs into deeper cavities of the 
parapojihyses, foreshowing, as It were, the pneumatic lioiuis of 
l>irds. The parapophyses graduall;^ bend low(jr down as they 
approach the tail, where. In many fishes, they nnife to fomi the 
haiinal canal. In Lcpldosteiis the canal is fornuMl by tlic pleura- 
pophyscs: win 1st these, in Amin, 2V/y/oz/z,9, and some others, arc 
append(Hl to the [larapojihysial Inverted arches, like luernal sjxines. 
In Lcjildmiren the elements /z, fig. 41, which in the abdomen 
rcjiresent either [ifcurapopliyses or long jiarapopliyscs, bend down 
in tlu) tail to form the lufcmal arch, Not until we rea(jh the 
IV’^.achia in the ascensive comparison do we find true ^lincina- 
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pophyscs/ 43, /i, formirlg the haemal arch in the tail, and 
coexisting there Avitli par- and ])lcur-apopliyses, ib. /;, and pL 

The pleurapophyses of fishes correspond to what arc termed in 
Comparative Anatonu'', ^ vertcl^ral ri))s,’ and in Iliimaii Analoiny 
‘false or floating ribs:’ for, Avith few exce[)tions, of wliicli tlie 
Herring is one, fig. 37, their distal ends are not connected with 
any bones analogous to sternal i*ibs or^tjcrnuin ; 5. e. the abdomen 
is unclosed below by the osseous parts com|>leting the luemal arch. 
The true hoinologues of sternal ribs and sternum retain the jirimitive 
aponeurotic texture, and may be well seen ij» the Bream, ex- 
tending from the ends of the vertebral ribs. These elements, or 
]fl(iura})ophyses, figs. 31, 32, />/, are usually ap])ended to the 
cxtreiiiities of the |Kira|)ophyses, p, the articufation frequeiUly pre- 
senting a recij)rocal notch in each. But, in some bonv fishes, as 
Phflax, the ribs articadatc Avlth the bodies of the vertel)ra% in de- 
])ressions behind the parapo])hyses ; and in Pohfpfa'm beneath the 
])arai)ophyscs, as in the cartilaginous llrptanchuii^ Carrharias^ and 
Alophta, 

Between the Moating ribs extends an a])oneurosis, tlie remavis 
or houiologue of the j)rimitive fibrous investment of the abdomen 
in the Lancelct and liamprcy. In the Salmon and Dory the ribs 
continue to bo atta<>hod to some of the i)arapo|>hyses after tluw are 
bent down, as in the Ainia and Tunny, to form the liannal canal 
and spiiKj in the tail. The costal a[)pendagcs of the first vertebra of 
the trunk are usually larger than the rest, and detacbed from tlic 
centrum ; at least it‘ av(^ regard as such the stylil’orm bones Avhicli 
project from the inner side of the s<*a]>ulic, and Avhich have been 
described as coracoids (Cuvier), and sometimes as dis|)laced Hia (5 
l)ones (Carus) : by the muscles attached to those styliform bones 
the succeeding ribs are drawn forwar<l and the abdomen ex])anded 
in the (yy]Triin)ids. Pleurapojfliyscs are entirely absent in the 
Sun-fish, Globe-fisli {Dlodon^^ tlic Tetrodon, the Pipe-fish {Fistu- 
laria and ^ymjnathrts^ the Lump-fish and the Angler. Of all 
osseous, or rather semi-osseous, fishes, Lophias presents the siin])lest. 
vertebral column : the abdominal vertelme are not only devoid of 
ribs, l)ut liave the feeblest riidinieuts of parapopliyscs. The bodies 
of the vertelAie interlock at their loAver and lateral })arts l)y a short 
angular ju’oeess fitting into a notch in Ihe next vertebra ; the loAver 
border of this notch rc]n*esents the lower transverse process in 
other fishes : it is obsolete in ihe anterior abdominal vertebrae ; 
begins to appear about the middle ones; slioAVs its true character 
ui the tenth; and elongates, bending downward, backAvard, and 
inward, to coalesce Avith its felloAV, fiiid form the ha>mal ai’ch at 
the twelfth or tiiirtcenth vertebra, Icom Avhich the hannal* nine is 
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developed. The interloeking process of the anterior vertebra dis- 
appears as the true inferior transverse process is increased. The 
side of tlie neural arch is perforated for tlie nerve, and that of tlie 
hajinal arch fur the blood-vessel. The anterior abdominal vertebra? 



of the Tetrodon are 
firmly elain])ed to- 
gether by the pai a- 
])ophyscs. 

A vegetative same- 
ness of form prevails 
in fishes throughout 
the vertebral column 
of the trunk, fig. 
which is made up of 
only two kinds of ver- 
te bra? , char a etc r i s ed 
by the direction of 
the para|K)|)hyses, p : 
these in tlu? abdomi- 
nal ]*egion are lateral, 
usually wstaiid out and 
support ribs : but in 
the caudal rc.'gion 
bend down to form, 
either by direct co- 
alescence or by the 
ribs that continue to 
be attached to them 
in a vertical position, 
the Inemal arch. 

Tlie atlas is usu- 
ally distinguished by 
vsome rnodilication of 
the anterior articular 
end of the centrum, 
by the ])crsi stent 
suture oT the fteural 
arch, or by the ab- 
sence or detachmmit 
of its ])leui*apophy- 
ses. Peculiar pro- 
cesses are sometimes 


Skeleton of the ll;w3d<a-k {Gndiid Uylcfiiuia) 
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under part of the centrum, as, c. g. the two which articulate Avlth 
tlie basioccipital in the Arnpainia gufas. As the centrum of the 
atlas retains its normal relations to the other elements, and tlic 
ordinary mode of articulation witli the body of tile second verte- 
lira, this shows no S)dontoid process’ in* fishes. 

The number of vertebrae varies greatly in the different osseous 
fishes: the Plectognathi Te^)(Iou)\ui\e the fewest and 

largest: the apodal fishes (Eels, Gymnotes) have the 
most and smallest, in proportion to their size. Tt is not 
easy to determine the precise number, on account of the 
coalescence of some of tlie vertebra;, or at least of their 
central elements, in ])articular parts of the colunin. In- 
stances of anchylosis of some of the antcrioV vertcbrie, 
analogous to that noticed in the (*artilaginous Sturgeons, 

Chimierie, Rhinobates, and some Sharks, oecur also 
amongst; the osseous fishes, as in many Siluroid and Cy- 
prinoid s[K?cios, in Lorlctirin and /)arh/lopf('n(.s. Fig. .‘55 
ri^presents the four singularly elongated anchylnsed ante- 
rior vert(;l)rie in the 'fol)acco-pl])c fish (^Fhtidana tahge- 
rarid), A coaleS(!encc of several vertebra^, is more con- 
stant at the o|)posite end of the column in osseous fishes, 
in order to form the base of the caudal fin, when this is 
symmetrical in form, as in fig. 3.*!, and in most existing 
si)ecics of 7\;kost(nn?\ Ihit this modification is arrested 
at tli fie rent stages in the piscine class. In Cydosttmu 
the gristly parls of the vertcbrie continue distinct, with 
gradual reduction in size to the taper end of the long tail : 
in rrotig)fvri the l»ony representatives of the caudal ver- 
tebrie behave in the same Avay: the notochord ])er>sists in 
both orders. In Miiramidai, where it is (hauged into cen- 
trums, these also gradually diminish in size, and remain distinct 
to the tail-end. The continuous vertical fold of skin bordering 
the comin-essed, long, and slender termination of the vertebral 
column is not specialised as a caudal fin.' In Flagiostomi^ llolo- 
ccphali, Sturiomdee, and many Canouhd, the caudal fin, fig. 
2Jh c, is formed ehicHy by the hcTinal spines and a])pendages, 
develo])ed t?) vSupport a lower ‘ lobe the vertebra; continue 
distinct to the end of the tall, which bending upward, seems to 
form an iiiijier lobe longer than the lower : to this unsymme- 
trical tail-fin the term ^ heterocercar is applied, liy decreased 

' This primitivo einhryonMl basis of tho pisciao tnil-fii?|fci.s not. to be conPoninlotl, 
bt'caiisc it. is symmetrical as to shape, with the extreiuo stage of clevelopt mental luodi- 
Aoation constituting the true ‘ honiocereal ’ type*of most existing fishes. ^ 
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number, with progressive confluence^, of the caudal vertebrjc, the 
^ upper lobe^ becomes gradually reduced in length, until the 
symmetrical shape is attained. Ihit this coexists in the Salmon, 
Perch, and many extinct Ganoids with an unsymmetrlcal bend 
of the coalesced caudal vertebrai into the base of the upper lobe. 
In true ‘ homocercals ’ the terminal bodies of the caudal vertebne 


are not vseparately cstabUshod in the primitive notochord, but arc 
continuously ossifled to form a common, compressed, vertically 
extended, and often bifurcated bony ])late, fig. 33, ;///, from 
which the neural and haanal arches and their spines 
,M radiate : from these elements alone can the number of 
li [ vertebrae of such caudal fin be estimated ; normal de- 



ve]o])ement^ ))rooecding here in the peripheral elements, 
as throughout the vertebral column in Lepidoslren, whilst 
it is arrested in the central j)arts of the vertebne. In 
the Sun-fish ( Orthnfjorhcm wola) it would vseem as if a 
row of rudimental vertebra} had been blended together 
at right anglcB to the rest of the column, in order to 
sujjport the rays of the short, but very deep caudal 
fin, wliicli tenniuates the suddenly truncated body of 
this oddly shaped fish. 

It is rare to find anchylosis save at the ends of the 
vertebral series in fishes: sometimes, however, in the 
IHimronedidai^ a hind of sacrum is formed by such bony 
union of tlie bodies, c, and lia^mal spines, //*•, of the 
first two of the caudal scries, as in fig. 36;^ in which 
the broad and deep hiemal spines are concave forwards, 
and form a sort o(‘ pelvic posterior wall of the abdomen. 
Ill the Halibut (Ilipjwfjlossui) the parapo])hyscs of llie 
corresponding vertebne with those of the last abdominal 
arc similarly united, though the bodies remain distinct. 
In Lorlcarla botli the upper and lower arches of a con- 
sideralde jiart of the caudal region arc blended together 
into an inflexible sacrum; but, as a general rule, there 
exists no su(h iinjiediinent to the lateral inflections of 
the tail in the jiresent class. 

le number of trunk-vertebra} is a itseful specific 


character in Ichthyology ; and in counting them the 
coalesced caudals arc usually reckoned as ^ one.’ In the 
Sun-fish { Orth(i(j()niif:us) I find but 8 abdominal and 8 


caudal vertebne by distinct bodies. In a Globe-fish 


auambu,) ^ Tdrodon) there are 7 abdominal and 10 caudal vertebne : 


OfctcoJ. Collnelioii, Miis Coll. Chir. No. 188 ; xl: j, ?, p. 50. 
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total, 17.* In the Conpjer there are 162 vertebrai ; in the 
Ophidhmy 204 ; in the (h/mnotusy 230 ; and even this number 
is suri)assed.in some riagiostoines. 

Although the vertebras mainbiin. a considerable sameness of 
form in the same fish, they vary innch in different s])ccies. The 
bodies arc? commonly sn bey liiulri cal ; as deep, but not so broad, 
as they are long; more or less constricted in tlic middle, in some 
to such a degree as to present an hour-glass figure. In Spina^ 
chorhiuHs they arc extremely short; iu Futaluria extremely 
long; in Tetrodon^ they arc mucdi com])ressed ; in Platpvcphahtsi 
they are more depressed ; in the tail of the Tunny the entire ver- 
tebra is cul)i(*al,'* with the ends hollowed as usual, Init the four 
other sides flat, tlic up|)cr and lower ones being formed, in the 
connected scries, by the neural and haanal arches oi‘ the vertebra 
in advaiK'e, flatten(‘d down and, as it were, ]>ressed into cavities 
on the upper a]id under surfaces, of the centrum of the next 
vertebra; so that the series is naturally locked together in the 
dried skcl(‘ton ; and tliese arches (jover not tlie neural and hxinal 
canals of their own, but of the sueceediug, centrum. , , 

The princi])le of vegetative ret)etit:ion is manifested, in osseous 
fi‘:‘hes, by the numerous eeutres of ossification, 
trom which slioot out bony rays aflbrdiiig ad- 
(lilioiial strength to many of the intenmiscndar 
a|)oiieuroses. In this system of hones may 
he ranked those spines whi(*h are attached to, 
or near to, the heads of the rll)S, and extend 
n]»ward, outward, and luiekward, between the 
dorsal and lateral masses of muscles, fig. 32, i /;, 
fig. 21, ///, a. These ^scleral’ s|)ines are 
termed, according to the vertebral element 
they may adhere to, ‘ epincurals,’ ^ epiceii- 
trals,’ and ‘ opi])leurals ’ ; though each may 
shift its phiCM^, rising or falling gradually along 
the series of vertebra'. All three kinds are 
l>resent In the herring, fig, 37, in which u a 
is the ‘ e[)ineural,’ p a. the ‘ cpicentral,’ pi a the epi|)leural spines. 
The latt(vr Rave been called ^ upper ribs,’ and in .Pohfpterntf are 
stroiTger than the (‘under’) ribs themselves. In Psox and 
Thf/nifillas the epineural and epieentral spines are present : in 
Cyprinm the epineural and e[>ipleural ones: in Perea and Gadm 
the middle series only is found, passing gradually from the 


37 
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' Colli'etion, Mils. CuU..Cliii-. No. 307, p. 81. 

’ il. No. 357. “ Ib. Ny. 247. .'iJ.iv. /, p. (>2. 
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par- to the pleur-apophyses : in ^aJmo only the upper scries 
exists, developed from the second to the antepeniiltiinate abdo- 
minal iieura])opliysls, in S, /s/vVu*.^ Thei*e are, however, gristly 
representatives of ci)ipleurals. In (Jlypliysodou the epiplcurals 
are anehyloscd to the ribs, foreshowing their normal condition 
in the bird’s thorax. According to the scat of their develope- 
ment they belong to the ^ seleroskeletoii : ’ by their attachments 
to bone they are ^ vertc'bral a))pendages.’ 

The vertical folds of skin from the mi<ldle line, constituting 
the azygos fins, are the seat of ossifications In most fishes, develo})- 
ing a second row of spines, figs. 34, dii^ dn^ above the neural, 
w, and a corresponding row, dh^ dJu below the luemal, //, spines. 
Some (»f these dernial bones, in certain fishes, project as hard 
enamelled weapons from tlie surface of tlie body. From the 
l>ases of the dermal spines, other spines (fig 34, ///, ih) usually 
shoot downward into the intervals of the neural and luemal spines, 
fn decp-l)(^died fishes they are broad and strong, as e. g. in the 
Cock-fish, fig. 38 ; in the llat-fishes they are doubh*, figs. 30 and 
4(\; and tjiose modifications are nsiially rep(!ated above and 
below. J3otli interneural and interhaanal spines arc commonly 
shaped like daggers, plunged in tlic ficsli to the hilt, vvhieh is ro- 



A r{f!/ytU>.-}i*s .silijnuniii 


presented by the part to whit*li the fin-ray (dernioneiiral or 
donnoluenuil spine) is attached. In the ])laiee tribe {Henro- 
necti.dm) tli(‘se superadded dermal ossifications are dcveloj)cd 
above the eraiiial well as the corporal vertebra? (fig. 30, (hi), 

r xjav. i, p. 16. ciJii. ^ 
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and along tlie whole hjemal i^jgion of the trunk, from the licad to 
the bill Tins want of correspondence with the nunihcr of the 
true segments of the cndoskeleton, and the seat of dcvelopeincnt 
of the inter- and derjno-ne orals and inter- and dcnno-ha;mais, witli 
some minor considerations, led. me, hi 184o, to substitute (or the 
views and illustration of the tj^pical vertebne proposed by Geoifroy 
St.-llilaire/ and then accet)ted and taiiglit, by Professor It. E. 
(.{rant*-* in this country and by others abmad, the interpretation of 
the su])posed tyj)e-c>Lcmplar, which is contrasted w'itli Geoftroy’s in 
fig. 40. Tlie names at)})lied by the Erench philoso|)liical anatomist 
to the several parts of the combined endo-and exo-skeletal segment 


?,d 



are op])Osite tlie lol’t liaud of the reader: those a])i>lied to them 
in my ‘ Arclietyjie of tlie Skeleton’ are opposite the right hand. 

The small exogenous process standing out from the sides 
of the centrum is a dismemberment of the parapo|)hYsis ; in 
the first caudal vertebra it is given off from (lie base of the 
parapopbysis, inereases in length in the second caudal, rises upon 
the side of the centrum in the third, and becomes distinct from 
the parajK)[)liysis in the fourth ; it diminishes jind (lisa|)pears in 
the ninth and tenth caudal vertehrai. In lyt/pfertts and Murrn- 
noids a transverse process coi^xists, from the same cause, Avith the 
parapophysis. Tliis, in the tAventy-fifth trunk-vei'tehra of 
Murcena bifurcates, and in the following vertebrie the 

‘ (111 iVIiis. 4U>, ix. 1822, p. 110, p], v. 

’ Leetiais on Comp. Anal. p. 58.* xi,iv. p. 14. No. 87. 
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fissure deepeiis and the fork elongates, until at the seventy-third 
the lower prong descends at a right angle to the upper one, and, 
meeting its fellow, forms the liLcmal arch. There are no true 
40 hannafiophyses in the tail of fishes : the elements there 
composing the hiemal ar(‘Ji are ])araj)ophyses, pleiira- 
pophvscs, or both combined. In the alxlomcm only are 
lva‘maiK)})hyses re})rescnted by the supporting Ixnies of 
the ventral fins, fig. 41, 04. The slender ossicles 
along its under part in tin? Herring, fig. 37, dh, are 
dermal bones, which, like tlie scutes of serpents, are 
connected with (lie lower ends of tlio ribs, pL 




?iTu] oxci-skc- 
Ictal oU iiiciits (jf a 


In tlie subclass Protopteri the notochord, fig. 41, 
ch, jieiyists: the neural arelies, //, //.v, arc ossified: 
the luemal arches in the abdomen are represented 
by ]>arial bones, //, attacbed to tlu'. notochordal sheath, 
and curving outward, like the long parapopliyses in 
tlie Cod, and the short pleiirapojihyses in tlie Amia 
and Salamander, with which they, more [)ro))al)]y, 
are homologous. Tliese ril)lets bend down and 
meet at the beginning of the tail, t(» Ibrm the 
lia'inal arch and supjiort the hieinal s]>incs, //.y, along 
that region. As in fishes, the Le])i(loslren also dc- 
ve]o[)os in the continuous vertiijal fin-fold the acces- 
sory ossicles marked in^ thy in the 'cut. 

§ 18. Vcrtchral cohinrn of Jjatracliia, — Js either 
inter- nor dermo-iieurals arc ]>re.sent in any gano- 
ccphalan or batracdiian. In the former am|)hibious 
order the notochord persists, but with beginnings of 
the ossification of centrums:^ in Batraehia it is con- 
verted into a series of separate centrums. 'These in 
the Iclithyomor])hs arc biconical, and dcc)fiy cupped 
at both ends, through the same arrest of ossification 
as in fishes: the dcvelopimicnt of the vertebra goes 
througli the same piscine stage in the larvje of the 
Theriornorphs, as indicated by the dotted lines dy fig. 
42 ; in the mature quadrupedal stage of these Ihi- 
trachia, ossification converts one tcrmiiuil cup into a 
ball ; which may be the front one, as in PipUy or the 
hind one, as in lianay and most frogs and toads. In 
the Land-Salamaud(ir, also, ossification goes to this 
stage, with the ball in front. 


nuulal veitfbm o[ 
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The Siren lacertinahas betw\3en eighty and ninety trunk-vert el)rie. 
They have many longitudinal ridges, the neural arch has coalesced 
with the centrum, ^.thc neural spine forms the highest ridge and 
bifurcates posteriorly to terminate upon the zygapopliysis. A 

'41 



hvpj^^epliysial ridge forms, by defect of ossification on eacli side, 
th(i under part of the centrum. A ])ara[K)pliysial riilge extends 
from a short anterior parapo|)hysis to the longer parapophysial 
|)art of the ])osterior transverse process. A diapophysial ridge 
extends above, and nearly j)arallel witli the ibrmer, from the 
anterior zygapopliysis to the dia|)ophysial jiart of the })osterior 
transverse proci^ss. Thence a third short ridge is c.ontlnned to tlie 
))osterior zygapopliysis. '^fhe vacuilios between these several ridges 
resemble those in the vertelme of some fishes, ^fhe liody of the 
atlas extends forward like a short odontoid process: short par- 
and di-apophysial ])lat<‘S arc developed trom each side of tlie atlas, 
whieli has also the posterior zygajiojdiyscs. In the second vertelira 
the par- and di-apophysial ])lates have united to form a compound 


42 



transverse process, whicdi supports a short straight ])leurapophysis. 
These elements are similarly devclo|)ed from six or seven succes- 
sive vertebra. In the tail the vertebra Is com])ressc(l and vertically 
extended by the* bending down of the para})Oj)hysial plates to form 
two vertical walls, intercepting a haemal canal. In the Proteus, 
which has about sixty trunk-vcrtcbric, the tlird to the ninth in- 
clusive support short ribs, attached ato the lower ([)araj) 0 [)hysial) 
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half of the transvefse process : they are wanting 
in the twenty-one follovring vertebrae, and re- 
appear, well developed, in tlic thirty-first, where 
they form with cartilaginous lueinapopliyses, a 
pelvic areli. In the j\leno])oine, fig. 43, the 
second to the niTieteciith vertebra) snjiport short 
straiglit plcurapo})hy.scs, articnlated to the ends 
of transverse [irocesses fonned by par- and di- 
ap<)])hyses, which intercept by their terminal 
confluence an art(‘rial canal. Tliese processes, 
t, are enlarged in the twentielh vertebra, .v, and a 
second rib-like piece, 02 , the homotype of the 
second ]>art of the seapula in fishes, is artienhitcd 
to the short and thick rudiment al ril). pi; the 
inferior or liannnl arch <>3, (M. being cartilaginous. 
The segment thus completed by the luemal arch, 
represents a so-called “sacral’ vertebra: the 
second division of its rib answers to the ‘ilium,’ 
<} 2 , and the hiemal cartilage to the ^ ischium,’ or 
‘ pul.iis.’ Transverse ]>rocesses progressively 
decreasing in lengtli are devcIoj>ed from tlie six 
succeeding vertebne. Jlony pleurapnphyses 
are attached to the first of these, and cartihi- 
gim)iis rudiments of the same element to the 
three following, lliemal arches are anchylosed 
to the under ])art of tlic centrum of the seeoml 
to the twelfth caudal vertelira inclusive, and 
tliese become more com|>rcssed to the end of llie 
tail, for the sn|>port of a vertical fin. '^riie neural 
arches are broad, deju-cssed, anchylosed to the 
centrum: they arc conijilete to the ibiirteenth 
cainlal vertebra. The body of the atlas pre- 
sents an odontoid jiroccss between the two arti- 
cular snrtaccs for the occipital condyles; it is 
deeply cupped behind, as are the succeeding 
vertebne at lioth ends. This vertebra has neither 
di- nor ])lcur-apophyses. 

The skeleton of the Newt ( Triton?) resembh's 
tliat of the Mcno[)otne in its general characters; the 
neural and hicnial spines are more produced in the 
long tail, sup])orting there the chief swimming 
orgin of tliis arpiatic batrachian. In one kind 
the’ribs are .more developed, occasioning the sub- 
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genus called PleurodeUs. lu the land Salamander the backbone 
is strengthened by the ball-and-socket articulation of the trunk- 
vertebrae. Cuvier notices a curiou^s inconstancy in the jilace of 
attachment of the ])clvic arch, sonictinies to the fifteenth, some- 
times to the sixteenth, 


and in one instance sus- 
]>ended by the right jner 
to the sixteenth, by the 
lel‘t to the seventcentli, 
vertebra, in Sahanau- 
dm atmJ 

Tlie o})liIomor|)lioiis 
batrachia arc remark- 
able for the multiplicity, 
the theriomorjJious for 
the j)aucity, (»f distinct 
t’crtcl)ne in the trunk ; 
these latter have the 
ha 1 l-and“Sock et art ic uhi- 
tion. Tlui frog, fig. 44, 
A, has nine vertebrio 
and the coccygeal style 
V ; but by coalesccnc'c of 
this with the sacrum, 
and of the atlas with tlic 
second vertebra, in the 
Suri nam toad {P/jja), the 
mmil )cr 0 f d is t i 1 1 ct tr m d\- 
segincnts is in that 
Kpc(fies reduced to seven. 

in liana hoaris the 
atlas has no dlapophy- 
ses ; but they arc pi’cscnt 
and of grcjat lengtlf in 
the succeeding vertebraj 
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to the sacruui inclusive, where they are thick and support by 
their truncate* ends two long rib-like bones, ib. A, 62, which 
expand at their distal ends, and unite there to two partially 
anchylosed Ixmy plates, 64 , which complete the Incinal arch of the 
uinth segment of the trunk. The superior devclopcment of this 
arch relates to the great size and strength ci* its appendages — 


‘ cia. tom. V. pt. ii. 413. 
E 
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the lUTider extTeinttieS‘-^in tlic tailless order, especially the frogs. 
In the seyen vertehrie between the atlas and sacriiin, two zyga-^ 
popliyses loohiiig upward are developed from the fore part, and 
two looking dowiiw^ard from the back pai’t of the neural arch ; 
there is also a short spine. 

In tli(i Toad {Ih/fo oulf/ans) the number of triink-vertebraj, fig. 
44, n, is tlie same as in the Frogs, but tlie dlapophyscs of the third 
and fourth vertebric are relatively longer, those of the sacral 
vertebra, .s*, relatively shorter, broader, and ex|)anded so as to over- 
hi}) the ilia, which are sliorter and more ai’ched. In ()/sthjnaliius 
pfirhi/jms the sacral diapo])hyses are sid)cvlindrical. In Pipa the 
diapoj)liyses of the second and third vertebne arc of unusual 
lengtli, and sii|)port semi-ossified, sliort, flattened pleurajKypliyses. 
Tlic dlaj)ophyso8 of the four succeeding vertebrae are sliort and 
slender; tlvose of the sacrinn are more cx|)anded than in the toad, 
and rest uj)on the anterior halves ol* tlie iliac bones. The coccy- 
geal style shows, in most anourans, a simple anchylosed neural 
canal, and also a hienial canal, as at /f, i>, fig, 44. 

In I he Opliiomorphs [Ca'dlim) the verhjbra), besides being very 
niumn’oiis, are biconcave. 

§ id. Vei'trhral cahumi of Ivhthip)j>lrry(jia . — In an extinct 
onlcr (^TrlithtfophTip/ia) of Dipnoal Jteptiles, modified for marine 
life, but lireathing air, the trunk- vcrtebiw were very numerous, 
very short, and bicoiicavc; tlic ccntnims remained distinct from 
the neural and hxinal arches, and were ligamentously, not sutnr- 
ally, united thereto. In the Jehthyosa urus einnmunis^ fig, lOd, 
there are about 140 vertebne; in tlie anterior sixte(vn a short, 
parapophysls is developed from tlic side of tlie centrum, ami 
M diapo])bysis from the liaso of the neural arch ; Init tins soon 
begins to project from the ncurapopliysial border of the centrum, 
and then from the side of tlie centrum below that border. It 
continues gradually to sink in position until, at about the fortieth 
vertebra, it blends with the para])ophysis, wliich alone continues 
to represent a transverse jn’oeess, as far as at about the eiglitietli 
\ ortelira,^ wliero it disapjiears and the sncceoding centrums become 
coTU|)res>sod, indicating the vertical position of the dermal tail-fin 
which they sujiported. The atlq^s and axis cenCriuns be(‘onie 
aiiclivlosed by flat surfacies ; but each supports its own neural 
arch, IJctweeii the lower part of the atlas and the occipital 
condyle is a wedge->shaped hypa|jojihysIs, representing the [lart 
called ‘body of the atlas’ in authropotoniy t*' a similar bone 

* A dislocation or frrffeture commonly occurred at this part between tlic death and 
final imbedding of the decomposing animal ; clxt^ 
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wed;?c(l between the atlas and axis, a third between this and the 
third vertebra ; all tending to strengthen and stiflTen the part of 
the vertebral column sustiiining the skull, and adding to its j)Ower 
of displacing the water in the agile movements of this ancient 
|)redatory a([uatic atiiinal.' As in Fishes, also, the eontinuity of 
tlie broad occiput Avith the trunk was uninterrupted by any cervical 
constriction. The ribs commence at tho-i&econd vertebra, but by 
a bifurcate head; and so continue, articulating with both par- and 
\U-ap()|>hyses until the confluence of those processes, when they 
become single-headed. The ribs rapidly increase in Icngtli, which 
is greatest at the middle of tlie tlioracic-abduminal cavity, and 
then gradually diminisli to short and straight appendages, resem- 
bling detached transv(M\se processes, in the tail. I'be longer ribs 
are grooved longitudinal ly ; their lower ends are united to Inem- 
M])npli\ses, subdivided into two or ibreo o\crla]>ping slender 
portions, the lowest articulating with a median transverse style, 
pointed at each end, representing the bannal s])lne, and completing 
the lucinal an‘li in the abdomen. In the tail tin? luema|)ophyses 
are simple, and attached by ligament, above to ll»c cenTrum, and 
below to one another. 

§ 20. Virtrhral cohrmi of Hoitroptcrjjijui, — In this extinct 
iU’der of aquatic ]iej)tllcs the vertebral bodies bad their terminal 
articular surfaces eUher flat or slightly concave, or witli tlic 
middle of such cavity a little convex. In certain genera the 
Mock-verttd)rio were nncommonly uinnei’oiis ; this avjis remarkably 
so in the Plesinsaurva, fig. 4o, in wdiieb tb('s(i vertehric consist of 
(‘(‘utrinn, neural arch, and pleurapopbyscjs. The latter are Avanting 
in the first verlel)ra; but both this and the s<;cond IniAii the 
h\ |)ap(>physos. The ccrviiail ril)s arc short, and expand at their 
b ee en<l. They articulate by a simple head to a shallow pit, Avliich 
is rarely sujjporled on a j)rocess, ini the side of tlie centrum. 
The body of the atlas artievdates AVitli a largo liypapopbysis 
bcloAv, with the nenrapoj)hysis above, Avilb the body of tlie axis 
behind, and Avlth part of the occij)ital condyle in front; and all 
tijo articulations, save the last, may beciome obliterated by 
: anchylosis. IMic hypapopliysis forms the lower tAVo-tliinls, the 
neiira])opliysis contributes the tl[)j>er and hitcnnl parts, and the 
centrum (‘orms the middle or bottom of the cup for the occipital 
condyle. The second hypapophysis becomes 'confluent Avitli the 
niferior interspace between the bodies of the atlas and axis,- As 
the cervical vertebral approach the dorsal, the costal i)lt gradually 
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SkoJcton of riGHiosauru.s. CLXiu. 


I rises from the centrum to the 
ncurapopliysis. Tliis tahes 
jilace at the fortieth vcrtelira 
in the Pksio.murits homalo^ 
spomh/lus of the Whitby liias, 
but, in tlie PL dolirhorfdrffx^ 
fi<X. 4o, of the Doi'setsliirc 
Liars, at about the tlvirticth, r*. 
The florsal region is arbitrarily 
coinmeueed by the vertebra in 
which tlie costal surface begins 
to ))c su]>ported on a diapo- 
physis; tliis ])rogressivcly in- 
creases in length in. llie second 
and tliird dorsal, continues as 
a transverse tiroccss to near 
tlic end of the trunk, and on 
,<5^ the vertebra, s, betAveen the 
iliac bones, (>2, it subsides to the 
level ol' th(‘- neurapopli ysis, I n 
the caudal vertebrje the coslal 
sui'face gradually descends from 
the neurapophysi.s ui)on the 
.side of the centrum; it Is 
never divided liy the longitu- 
dinal groove which, in most 
PlcslosatirL indents that sur- 
face in tlic cervi(‘al vertebr;e. 
The neural arches are com- 
monly unanchylfvsed with the 
centrum. The long and largo 
s|)inous proeesses, in contact 
along the trunk and base of the 
neck, must have restricted the 
bending movements eliiefly to 
the lateral directions. The 
pleurapophyscs' gain in length, 
and lose in terminal lircadtli, 
in the hinder ccrvicals ; and 
become long and slender ribs 
in the dorsal region, curving 
outward and downward so as 
to encompass the upper two- 
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tlilrcls of the tljoracic-abdominal cavity. They decrease in length 
and curvature as they approach the taij, where they arc reduced 
to short straight pieces, as in the neck, but arc not terminally 
cx])anded ; tlioy cease to be develo})cd near the end of the tail. 
The liieina|) 0 |)hYscs in the abdominal rc^gion, arc subdivided, 
and Avitli the liannal sjnnc or median ])iece, form a kiinl of 
‘ jdastron ’ of transversely extended, sli^itly bent, median and 
latei’al, overlapping bony bars, occupying the subabdominal space 
l)etween the scapular, 52, and pelvic, 64, arches. In the tail the 
h:cinapojhyses arc short and straight, and remain, as in the 
Ichthyosannis, ununited both above and below. One Sanro- 
plerygian genus, Tanystroplteus, had the centrum, in certain 
vertebi’av, so long and hollow as to simulate a limb-bone. In 
anotlier genus, {Pliosfiunts) they were as short, in the cervical 
region, as in tlie Ivlithi/oatinrits, In a third genus {Notlumifinis) 
two vertebra? are i*eeognlsed as sacral l)y their thick, straight, and 
eonvergeut pleurapojhyses, of which the first overlajis the second. 
In a fourtli genus the wedgc-sliaped Irypapopli} scs oeeur at the 
lower intorspaeos of the dorsal and lumbar vcrtcbrie, yvhcncc it^ 
niun e , Sjih enosa urua. 

§ 21. Vertvhrdl ()o/nmn of Ophulia , — Amongst existing Eeptiles, 
die Sorjients ( Ophidia) surpass all others in the vast number of 
iheir vertelinv', which, with liieompletc haunal arches, eom))Ose the 
skelelon of (ho long, slender, limbless trunk, fig. 4(). 

In all these v(?rtebi\c the autogenous elements, except the 
pl(‘ura])n|)]iyscs, fig, 40, ph coalesce with one another, and the 
pleurap<)j)hysi;s become anebylosed to the diapophyses in the tail. 
There is no trace of suture between the neural arch, fig. 47, 
ns, z, and centrum, c. The outer suhstaucc of the vertebra is 
eoin|){i(M, with a smooth or polished surface. Tlie vertebra? are 
‘ j>roe(.eli?in ; ’ that is, they arc articulated together by ball-and- 
socket joints, the socket being on the fore part of the centrum, fig. 
47 A, Avhere it forms a deep cup with its rim sharply defined ; 
the cju Ity looking not directly forward, hut a little downward, 
Ironi the greater prominence of the n]>pcr border : the woll-tiinied 
])rominent ball terminates the back jiart of the centrum rather 
more obliquely , its aspect being backAvard and upward, fig. 47, 
c. The hy|»a])ophysis, //, is developed in different })roportloiis 
iroin different vcrtebrjc, but throughout the greater ]xirt of the 
trunk presents a considerable size in the cobra, 4G, ////, and 
erotalus, figs. 47, 47 A, //, : it is shorter in the ])ython and boa. 
A Aaseiilar canal perforates the under surface of tlic ceiitnim, and 
there are sometimes two or even three* smaller foramina. In the 
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python a’large, vertically oblong, but short tllapophysis extends 






it is covered by tlic ar- 
’ ticular surface for the 

S 

8££ rib, Is convex lengthwise 

tiiitl convex vertically 
^ at its njiper half, hut 

slightly concave atf its 
lower half. In the 

rattlesnake the (rKi[)o- 
])hysis (levclopes a small, 
circiiinscri 1)0(1, articular, 
tuhercle, ib. for the 
^ vertebral rib ’ or pleiir- 
apophysis, y;/; a parajX)- 
])h ysis,r/', extends (h)wn- 
ward and forward IkjIow 
the level of the cen- 
ti’uin; the anterior zy- 
gapopbysis, r, is suj)- 
])ortcd by a ])ro(‘(?ss, 
ib. d'\ from tlie up])cr 
end of the diai)ophvsis. 

/• nn I r 4-1 i 

' ilie base or the neural 

arch swells outward 
from its (*onilucnc(.' with 
the centrum, and de- 
velopes from each anule 
a transvei*sely-elongated 
\ ^ zyga])ophysis; that from 

lookinjnr upward, that 
from the posterior angle, 
downward ; both sur- 
faces ]>eing flat, and 
almost horizontal, as in 
\ the Uatrachians. Hie 

neural canal is narrow ; 
the nenral spine, is ol* 
moderate height, about 

Stc.l.to„ or the cobr.a ailtCrO-pOS- 

tcrior extent; it is compressed and truncate. A wedge-shaped 
procesg!, ^ zygosphchc,’ r.y, developed from the fore part of the 


/MAiCliIrn 


/f >> 










mri 




Sti'letrm of tlic cebr.i {Naijn Mpudians) 
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base of the spine ; the lower apex of the wedge being, as it were, 
cut off, and its sloping sides presenting two smooth, flat, articular 
surfaces. This wedge is received into a cavity, the ^ zygantrum,’ 
excavated in the posterior exi)ansion of the neural ar(*li, and 
having two smooth articular surfaces to which the zygosphenal 
surfaces are adapted. Thus the vcrtcbnc of serpents articulate 
with each other l)y eight joints in additi^ to fliose ol* the cu]) and 
ball on the centrum ; and Interlock l)y ])arts reciprocally receiving 
and ent ering one another, like the joints called tenon-and-imirticc 
in carpentry, fig. 47. In the caudal vcrtcbnc, the hypa])0[)hy.sis 
is doul)lc, the transition being effected by 
its progressive bifurcation in the ])Ostcrior 
abdominal ^'crte1:>ra\ Tl\c diapophyses be- 
come much longer in the caudal vcrtcbnc, 
and snp|)ort in the anterior ones sliort ril)s 
which usually becojue anchylosed to their 
extremities. 

The })Iciivapophyses or vertebral rilis 
have an ol)Iong articular surface, concave 
above and idinost flat Ixilow in the Python, 
with a tul)ercle developed from the upper 
part, aud a rougli ,surfao<} excavated on the fore ])art of the cx~ 
pjinded head for the insertion of the proc^ostal ligament. They 
have a largo medullary cavity, with <lense l)iit thin walls, and a 
fine cancellous structure at their articular ends. Their lower end 
sn|)|)orts a short cartilaginous liicmapophvsis, wlfudi is attached 
to tilt* broad and stifl‘ abdominal scute. Tlicso scutes, alternately 
raised and dcjiressed liy nuisclcs attached 
to the ribs and integument, aid in the glid- 
ing movements of serpents; and the ribs, 
lil\(* the logs in the centipede, subserve 
locomotion ; but they have also accessory 
functions in relation to l)rcathing and con- 
striction. The anterior ribs in the col>ra, 
fig. 46, jf?/, are unusually long, and arc 
slightly bent ; they can be folded back one 
npon aIlothel^ and can be drawn forward, riemvi.w.f « vnuin 
or erected, wlicii they snstaiii a fold o( 
integument, peculiarly coloured in sonic species — c.| the 
spectacled cobra — and which has the effect of making this 
venomous snake more conspicnous at the moment when it is 
about to inflict its deadly bite. The ribs .commence in tbo 
cobra, as in other serpents, at the third vertebra from the liead. 
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The centrum of the first yertebra coalesces with that of the 
seconeb and its place is taken by an autogenous hypapo|)hysis : 
this, in the python, is articulated by suture to the neurapophyses ; 
it also presents a concave articular surface anteriorly for the lower 
part of the biisioccIj)ital tubercle, and a similar suriace behind f'or 
the detached central part of the body of the atlas, or ^odontoid 
I)rocess of the axis.’ The base of each neurapophysis has an 
antero-internal articular surface for the exoccijntal tubercle, the 
middle one for the hypa|H>physis, and a postero-intcrnal surface 
for the ii])pcr and latej'al parts of the odontoid ; they thus rest on 
both the separated parts of their proper centrum. The neura- 
pophyscs expand and arch over the neural canal, but meet 
without coalescing. There is no neural spine. Kach neura- 
popliysis (levelopes from its upper and hinder border a short 
zvgapophysis, and from its side a still shorter diapophysis. In 
the second vertebra, the odontoid jacsents a convex tiiberi^lc 
anteriorly, which fills np the articular cavity in the atlas for the 
occipital tubercle ; below this is the surface for the hyj)apophysial 
]>art of the atlas, and above and beliind it are tlie two surfaces 
for the atlantal iicurapojhyses. The whole j)osterIor surface of 
the odontoid is aiichylosed to the proper centnim of the axis, and 
in part to its hypapopliysis. The neural urdv of the axis de- 
vcloi)es a short ril)Iess diapophysi>s from each side of its base ; a 
thick sul)-bifid zygai)ophysis from each, side of the postei-ior 
margin; and a moderately long bcnt-baclc spine tVom its upper 
part. The ccntniin terminates in a ball behind, and below this 
sends downward and backward a long hypa])opbysls. 

At the opposite extreme of the elongated liody, two or tliree 
much simplified vcrtebric are usually found blendcrl together ; they 
support tlie horny rings forming the warning rattle of the Cro- 
talus. There is no sternum in true Ophidia, 

The skeleton of the Python {P. tu/risy has 291 vertebne, of 
which tlie 3rd to the 2olst support movaldi^ ribs. The 74 
anterior vcrtebrfc developo bypapopliyses. The skeleton of the 
Boa constrictor’^ has 305 vertebric, a hypapnpbysis being dcvcl()])ed 
from the 60 anterior ones. In the skeleton of a Kattle-snakc 
(Crotalus horridusY with 194 vcrtelira^, 168 support movable 
ribs, and all these deveh^pe hypai)ophyses, fig. 47, //, as long as the 
neural spines, ns. In the Naja^ fig. 46, as inany vertebrie liave 
the lower process, hut of less length. In the Rough Tree-snake 
(Deiroc/ou scafjcry with 256 vertebrje, a hyj apopliysis projects 

* XL»v. vol.'i. No. G02, p. 123. * lb., No. 630, p. 132. 

® Ib., No. 640; p, 135.0 ^ lb., No. 638, p. 134. 
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from the 32 anterior ones, directed backward In the first ten, and 
forward in the last ten, where they are unusually long, and tii)])ed 
with a coat of hard dentine ; these perforate tlic (esophagus, and 
serve as teeth. The jaws arc merely roughened by rudiments of 
teeth. The relation of this singidar condition ol’ the cervical 
]iy|)ap(>physes and the modification of the dental system to tlic 
food of the Deirodon will be exjdained in the chapter on teetli. 

§ 22. Vertebral colunm of LacertUr, — The anguine or snake- 
like r()j)tilos, with fixed upper-jatvs and a 
scapular arch, pass gradually, by other ibrms 
with rudiments of liinl)s {P,seudojyaii)^ to the 
slender-bodiod long-tailed laccrtians. Tlie dis- 
tinction is effected tlirough the establishment 
of a costal arcii in the trunk, com])lcted hy the 
addition of a hannal spine (sternum) and hiema- 
popltyses (sternal ribs) to the plcurapophyscs Trm,k 
or vertebral ribs, which arc alone ossified in 
Ophidia, 

The verteliroft of the trunk have the same procmllan cliaracter, 
i. e., with the cup anterior and the ball behind, fig. 48*; the latter, 
c, being usually less prominent, more obruiue, and more trans- 
versely oval than in ser])ents. The vc'rtebra^ also are commonly 
larger, and always fewer in number than in the tyj)ieal Ophidia. 

Tliosc of the Iguanas retain the superadded articular KSiirfaces 
of the /vgosphene, lig. 48, zs, and zygantrum ; but! have not 
met with these sii])cradded processes in other laccrtians. In tlie 



49 



Geekos the vertebrae arc, exceptionally, ])iconeave. * 14ie ribs do 
not l)egin to be developed so near the head as in Ophidia. Is^)t 
only the atlas and dentata., but the third vertebra, fig. 49, and 
sometimes, as in the Monitor ( Fw/v/w/os), the four following vorte- 
bric, are devoid of pleurapophyscs : wlicn tlij?se first appear tho.y 


Sec those of the subgenus Hhynchoccphalus^ xliv. vol. i. No. 662, p. 142. 
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are shorty as at a ; but elongate in succeeding vertel)rae, h to e ; 

and usually at the eighth, 
or ninth, fig. 49, t\ 6, 



Skvloi'Hi of Btaio volaus 


{Lacerfa\ from the head 
or tenth (Vf/ra/ins), they 
are joined through the 
nicdiuin of ossified hauna- 
l) 0 ])hyses to the ^ster- 
num. Two( [ 7//Y////f.v),tliree 
( Chftnirko^ Tf/iurna)^ or four 
((hj clod us), tbllowing ver- 
t(fhr;e are similarly com- 
pleted; and then theliauna- 
po]>hyses are either united 
below without intervening 
sternum (fV/v/yf/c/ce), or two 
or three of them are joined 
l)y a eornmon cartilage to 
the cartilaginous end of 
the sternmn. The luvma- 
jiophyses allerwards pro- 
ject fna'Iy, and are reduced 
to short ai)])endag’OS to 
the ])lenrapoi)hysos. Tliese 
also shorten, and sometimes 
suddenly, as, e. g., after 
the eighteenth vertebra in 
the Monitors ( Varauus)^ in 
which tluiv end at the 
twenty-eiglith vertelyra, as 
tliey began, viz., in the 
Ibrni of short straight ap- 
])endages to the diapo- 
physes. 

The Draco colam, fig. 
oO, is so called on account 
of the wing-lih-c expansions 
from the sides of its body, 
supported, like tlie hood of 
the cobra, by .slender elon- 
gated ribs. In this little 
lizard there arc twenty 


vertebnc„sui)j)oriing movable ribs, wliicli commence ai)parcntly 
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at the fiftli. Those of the eiglitli vertebra first join the sternum, 
as do tliose of tlie ninth and tenth; the pleuraj)ophyses of the 
eleventh vertebra suddenly acfjuire extreme length; those of the 
four following vertebne arc also long and slender ; they extend 
OTitward and backward, and support the paracimte formed by the 
broad lateral fold of the abdominal integuments. Tlie pleurapo- 
])hyscs of tli(3 succeeding vertebrie rapidly sliorten. The sacrum 
consists of two vertebrie. There are alJout fifty caudal vertebne. 

The semi-ossified sternum in the Iguana has a median 
groove and fissure, and readily separates into two lateral 
moieties. The long stem of the episternurn covers the outer 
part of the groove, where it represents the ‘ keel ’ of the sternum 
in birds. 

The two sacral vertebra) retain, in most Lacertians, the cup- 
and-ball joints ; and in the Scincks, wliore they coalesce, the 
second |)rescnts a ball to the first caudal, irtcmapophyscs arc 
w'anting in the first caudal, commence in the second, but are 
dis|)Iaced to the interval between this and the third; they arc 
conilueiit at their distal ends, and there produced into a spine 
these ‘ chevron bones ’ arc continued usually along two-thirds of: 
the tall. Ill most of* the caudal vertelnne tlie anterior third of 
the centrum is marked oft* by a line, just anterior to the dia- 
po])hyses, where the tail snaps off, when a liwyrd escapes, leaving 
the part that has been seized in the hands of the baftled pursuer, 
'fhe ossification of tlie eeiitruni from two ])oints, and their in- 
complete anchylosis has ])rospectivc relation to the liability of 
lizards to be caught bv their long tall, and lends. Itself to their 
escape. The epiphysial line does not extend throngli the tlnii 
and lirittle neural arch, Avhich readily snaps when the two |)arts 
of the centrum to Avlilch it is aiichylosed are separated. Lizards 
reproduce the lost tail ; but the vertebral axis is never ossified in 
the ncAv-formed ])art. 

In the slow'-w'orm (Afif/uis) there are 111 vertebne, 61 of whieh, 
beginning at the fourth, support free ribs. The transverse [iro- 
cesses ol‘ the tail arc formed by short anchylosed pleurapophyses, 
which are Infurcatc in the scconil and third caiidals. The hyj>a- 
liojdvyses ar^), also, anchylosed to the centrum ; but, instead of 
remaining distinct, as in true Ophltlia, they unite at tlieir lower 
ends and coin])lcte the hiemal arch. The vertebne of the Amphu- 
hicna have no neural s|)ine. 

The laccrtian modiftcations of the athi|3 and axis* agree in the 


ALiv, vol. i. pp. — 149. 
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main with those in the Python. In htinrus the cervical bypa- 
popliyses are comiiressed, distinct, and articulated to the inter- 
space between thedr own vertebra and tlie one in achance. The 
caudal vertebi-ie are remarkable for the great Icngtli of tlieir 
neural spines. 

In tlic Cllalncl(^on tlie ribs commence at the fourth vertebra, 
and those of the sixth are articulated by semiossitied cartilages to 
tlie sternum, as are the three following pairs ; In the next eight 
or ten pairs tlie long and vslendcr cartilages meet and unite to- 
gether at their extremities. There are two lumbar and tlirei^ 
sacral vertebrai; the tall is long and jirehensile. In the 
Iffuana tuhorculnta twenty-one vertebric, commencing with tlie 
fifth, support free ribs, and those of the ninth first join the 
sternum. 

§ 23. Vertebral cahnini of Chdonia, Tliis column is most cx- 


51 



traordiuary in those Reptilia to wliich, in the manifold modifica- 
tions of the orgaui(i rramework, has lieen given a [lortahle abode, 
in compensation for inferior powers of locomotion and the want 
of defensive weapons'. « 
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The expanded thoracic-abdominal case, fig. 51, k, k, into 
which, ill most Chelonians, the head, the tail, and the four ex- 
tremities can be witlidrawii, and in some of the species be there 
shut up by movable doors closely fitting both the anterior 
and jiosterior apertures — as, c. g., in the box-tortoises ( Cino-^ 
strrnon^ Cistudo) — has been the subject of many investigations; 
and not the least interesting result^ has been the discovery 
that this seemingly special and anomalous superaddition to the 
ordinary vertebrate structure is due, in a great degree to the 
modification of form and size, and, in a less degree, to a 
change of relative position, of ordinary elements of the vertebrate 
skeleton. 

The natural dwelling-chamber of the Chehmia consists chiefly, 
an<l in the marine S])eeie.s (Chfdojfr) and soft-turtles {Trionyx) 
solely, of the floor and the roof: 
side-walls of variable extent arc 
added in the fresh-water speides 
( Enu/a) and land-tf»rtoises ( Tes^ 
tndo). The whole consists 
ehierty of osseous ‘plates’ witli 
su|)erincuinl)ent horny ‘ scutes,’ 
except in Trionyx and Spharyis, 
in wliicli those latter are 
wanting. 

The roof, or ‘ earapacc,’ iig. 

52, consists of a ‘ median’ series 
of symmetrical ] dates, r//, s i to 
s- 11 , and of two ‘lateral’ series 
forming a [)air, pi i to pi 8, the 
whole being surrounded by a 
circle of ‘ marginal ’ pieces, m i 
to /n/, completed anteriorly by cA, the first of the median 
series, ()l‘ the median series eight, s i to .s' 8, arc attaclied to 
the sidnes of eight subjacent vertebrae : tlie lateral or parial 
(dates, pi i to pi 8, arc attached to, and more or less blended 
with, the ribs of the same vertebnn ; and the ends of these ribs 
usually arthMilate by gompliosis with a corresponding number 
of the marginal pieces, of wliich, hoAvevci*, there may lie from 
tw enty-four to twenty-six, including the two median and symme- 
tiioal ones, cA and py. That these marginal piece>s are the least 
essential parts of the carapace is shown, not only by their incon- 
stant number, but by their partial or total absence in some of the 
«oft-turtles {Gymnopusy Spharyis), , 
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The mcilian pieces, s i to s ii, are called the ‘neural’ plates; 

the lateral pieces, i to pi s, the ‘costal’ plates; tlie term 

‘ marginal ’ is restric.ted to those perii)hcral pieces Avhich ibrm pairs, 

m 1 to m 12 ; the anterior symmetrical piece, ch, constant in all 

is called the ‘nuchal’ plate; the posterior symmetrical 

I)iece, pi/, which is Avantiug in all the I'rimii/cMiK, is the ‘ pygal ’ 

plate. The neural arch, connate with the first neural |>lato, s i, is 

supported partly hy the centrum of the vertehra to which the first 

pair of free ribs is articulated, and wliich, therefore, is reckoned 

as the first dorsal vcrtel)ra ; these ribs are small and slender, 

attaclicd at l)oth their extremities, the outer end abutting against 

the under part of the first juiir of costal plates, which they help 

to sustain, 'fhe second to the ninth dorsal vertebrm inclusive, 

beino- those which are more immcdiatclv connected with the neural 

* 

and costal plates, ai^e the ^ vertohne of the carapace:^ their 
cliaraeter.s, though not les.s artificial tlian those which distinguish 
the Slorsal’ or ‘Ininljar’ vertidn-iic of other reptiles, arc iniicli 
more marked and constant. The eighth vertehra ol’ llie cara- 
pa.ce is snccecded hy one, which in some species (e. g. Chelone 
caouanna) sn])ports a pair of short ribs, in others ( 7V/e////.r) none, 
and which is therefore reckoned a ‘luinliar’ vertehra; this is 
followed bv tsvo other vertehrin, with short and thickened ribs, 
ahiittiiig against the iliac hones and rejiresenting tlie ‘ sacrinn,’ 
fig. ol,(i : as these tlirce vertebne are not immediately united with 
the ninth, tenth, and eleventh ‘^neural plates,’ they have less elaiin 
tlian the first dorsal vertehra to be regarded as entering into tlic 
composition of the carapace. 

The ^ plastron,’ fig. 53, or floor of the thoracic-abdominal 
chamher, (Consists, in all recent Vhrhyaia, of nine piee(*s. The 
median and symmetrical piece, .s, is the ‘ entost(‘rnal ; ’ the four 
pairs, counted from l>efore backward, are rcsjicctlvelv, tlie 
‘ ejiisternals ’ (c,<), ‘ hyosternals ’ (//.v,j ‘ liyposternals ’ {pn), and 
^ xiphi sterna] s ’ (./>■). 

In all the Clielonians, save the coriaceous (*S/>/////yy/.s’) an<l soft 
turtles ( yyiortpculfii), the outer surface of th(‘. carapace is imjircsscd 
by tlie horny scutes, commonly called ‘tortoise-shell;’ and these 
epidermal productions have received definite names in Zoological 
Treatises, their modifications being found of great use in charac- 
terising siiecles. Ill fig. 52, v 1 is placed on the first ‘ vertebral 
scute ’ close to its union with the first and second ‘ costal scutes ; ’ 
and V 2 to v r* Indicate the succeeding vertebral scnites, the outer 
angles of wliicli are similarly wedged between the adjoining pairs 
of ‘ costal scutes : ’ beyond the costal scutes arc a scries of ‘ mar- 
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<^\m\ scutes/ supported by the marginal plates, and crossing their 
sutures. 

In the Triow/ci(he the exterior surface of the carapace and 
])lastron is reinarkablc tor its rough verniicular or i)urietate 
sculpturing. 

Tlie median bony pieces of the carajjace, fig* 52, c/i, s i to .v ii, 
have been r(‘gardo(l as lateral expansion^ of the sununits of the 
neural spines; the medio-latcral pieces, ib. pi i to pi s, as similar 
developenKuits of the ribs ; and the marginal pieces ib. m i to m 13, 
as tlie homologues of tli<3 sternal ribs. But the develo])ement of 
the cara])ace shows that ossilication begins independently in a 
fibro-(*artilaginous matrix of the eorium in tlic first, r//, and some 
of the last, n 0 to .%* u, inedian plates, 
and extends from the summits of the 
neural s])ines into only (‘ight of the in- 
tervening plates, .S' 1 to .s* 8: ossification 
also extends into the contiguous lateral 
j)lales, pi I to />/ 8, in some*Chelonia, 
not from tlu? corresiKUiding part of the 
subjacent ribs, but Iruin points alter- 
nately nearer and farther from their 
h(‘a(ls,^ showing that siieli extension of 
ossification into the (iorium is not a 
develo])einent of the tubercle of the 
ril), as has been snpiiosed. Ossification 

. ^ V, 1 • I • ■JM!i>l.rou r.f Chdonc (‘>v>uitmht 

comineiiccs indepemleiitly in the corium 

for all the marginal ])lates, tn i to;n/; these never coalesce with the 
bones uniting the stenunn wdth the vertebral ribs, are often more 
ninucrons, sometimes less numerous, than those j*ibs, and in a few 
species are wanting. AVlicneo it is to be inferred that the ex- 
panded bones of the carapace, wliich are supported and inijiresscd 
by the thick e])ideruial scutes called ‘tortoise-shell/ are dermal 
ossifications, homologous wdtli those which support the nuchal and 
dorsal epidermal scutes In the crocodile. Along the under surface 
of* tlic (iostal plate the slender or proper portion of tlie ril) may 
he traced, of its ordinary brcadtli to near the head, wdiich liberates 
itself from (btj costal [)late, as at i, fig. 51, to articulate to the in- 
ters])aee of the two contiguous vertebne, to the posterior of which 
such ril) |)roperly belongs. 

In the ‘plastron/ lig. 53, the entosternal, s, answers to the 
sternum in the crocodile : the parial pieces are ‘ luemapophyses ’ or 



OLXII. p. 163, pi. xii^ fig. 4. 
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sternal ribs, connate in a more or less complete degree with dermal 
bony platCKS, There were five pairs in the extinct Phurosternon, 

In the marine Chelonians the dermal ossific/atloiis, fig. 52, /;/ 1 to 
8, do not cover the whole of the intercostal spaces ; the slender 
ribs ])roject beyond them. In the fresh-water and land kinds 
they extend to the marginal plates and complete the bony roof, as 
in.fig. 51. There is a similar difference in the degree of ossification 
of the ^ plastron ’ between the genus Chdone and the genera s' 
and Tentiido* 

In the Cheh)nia the true centrum of the atlas does not coalesce, 
«as an ^odontoid’ process, witli that of the axis, and usually suj)])orts 
its own neural arch: the hyjjapophysis is proportionally reduced.* 
All the eiglit cer\ ieal vertebrai, fig. 51, E, are fi*ee, movable, and 
ribless : tlie fourth of these vertelmehas a much elongated centrnm, 
which is convex at both ends; the eighth is short and broad, with 
the anterior surface of the body divided into two transversely 
elongated convexities, and the posterior part of the body forming 
a single convex surface divided into two lateral facets ; the under 
^mrt of tlui centrum is carinate ; the neural arch, which is 
ancliylosed to this centrum, is short, broad, obtuse, and uverarclied 
by the broad exjmnded nuchal plate. The first dorsal vertel.)ra 
is also short and Inroad, with two sliort and thick plcurapophyses, 
articulated l)y one end to the expanded anterior part of the 
centruni, and united by suture at the other end to the succeeding 
])air of ribs. The head oC each rib of the second pair is supported 
up(m a strong trihedral neck, and articulated to the intcrsj>acc of 
the first and second dorsal vcjiebrai : it is connate, at the part 
corresponding to the tubercle, with the first broad costal j)late, 
which artliuilatcs by suture to the lateral margin of (he first 
neural plate, and to ])ort;ions of the nuchal and third neural 
I)lates: the coiuiatc rib, whi<di is almost lost in the substance of 
the costal plate, is continued with it to tlie anterior and outer part 
of the eara[)ace, whci'e it resumes its snbcylindrical form, and 
articulates with the so(‘.ond and third marginal pieces of the cara- 
pace. The neural arcli of the second dorsal vertel)ra is shifted 
forwards to the intersi>ace between its own centrum and that of 
the first dorsal vertebra. A similar disposition %of the neural 
arch and of the ribs prevails in the third to the ninth dorsal 
vertebne inclusive. The bony floor of the great abdominal box, 
or ' plastron,’ is formed by the htemapophyses and sternum connate 
with dermal osseous plates, foi'ming, as in the turtle, nine pieces, 


* p. 435, pi. xiii. 
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but tbcy are more ossified, find the byo- and bypo-sicrjials nuite 
siituraliy with the fourth, fifth, and sixth marginal plates, forming 
ilic side- walls of the bony chamber cut through in lig. ol. 'flic 
junctiou between the hyo- and hypo-sternal s admits of some 
Vicltilng movement. The iliac bones abut against the pleurapo- 
pliyses of the tenth, eleventh, and twelt'th vertebric, counting from 
the first dorsal vej*tebra. These three Ycrtebra? form the sacrum : 
their pleurapophyses are unanehylosed, converge, ami unite at 
their distal extremities to form the articular surface for the Ilium. 
Itevond these tlic caudal vertebrjc, ib. n, tbirty-five in number in 
Testndo elepha/Uopm, ai’c free, with short, straight, and thick 
plenra])ophyscs, artieulated to the sides of the anterior exjKindod 
portlojis of the (‘(rntrums. They diminish to mere tubercles in the 
lentil caudal vertebra, and disapjiear in the remainder. The neural 
arelies of the caudal verteline are Hat above, and without spines. 

§ 24. Vrrtrhral cohunn of Crocodilia. — In this order free 
ph?iir:i]) 0 ])hv,sos are developed from all the cervical vertebrie ; that 
of llie atlas, fig, 54, is attaelied to the hypapopliysis ; the neur- 
;\po])hyses rest, in part upon this element, in part iipon flic proper- 
centrum, which coalesces with that of the axis: the neural spine 
of the atlas remaius distinct, like that of the 0 (*ciput, and is broad 
and Hat. The centrum of the axis is Hat in front, and con\cx 
hehind; the neural arch, as in the succeeding vi'rtebra, is oom- 
pleled liy tlui eomiate spine. The pleuraj)o|>liysis, ib. /;, lias a 
iaihreato head. AV’itli the exception of tlic two sacral vertebra*, 
which are Hat at one (‘iid and coneavc at the other, and o(* the first 
caudal vertebra, which is convex at both ends, the bodies of 
all the vertebrae b(*yoiid the axis are C'Oueave in front and convex 
iiehind. The procix‘lian eentrum of the third cervical is shorter 
hut broader tliaii the second ; a para])o])liysis is develojied from 
the side of the centrum, and a diapophysis from the base of tin; 
muiral areli ; the pleura])Ophysis is shorter, its fixed extremity is 
liifid, articulating to the two above-iuimed ]yrocesses ; its free 
extremity expands, and its anterior angle is directed forward to 
abut against tlie inner surtaec of the extremitv of the rib of both 
the axis and atlas, whilst its posterior prolongation ovorla])s tlienb 
of the fourth •n erlelira. The same general characters and imbri- 
cated coadaptation of the ribs, not given in tlie diagram, 54, 
eliaracterize tlie sueceeding cervical vertebrie to the seventh 
inclusive, fig. 57, /v, the hypapopliysis progressively though slightly 
uicreasing in size. In the eighth cervical the rib, h, becomes 
elongated and slender; the anterior angle is almost or ([iiife 
suppressed, and the posterior one more developed arid pwxhiced 

A'OJ.. 1. * F 
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more downwarcl, m as to form the body of the ril), Avliich termi- 
nates, liowo'oj*, in a free j)oint. In the iiinth eorvical, the rib, /, 
is increased in leufyth, but is still what would l)c termed a ‘ lalse ’ 
or ^ floating rib ’ in antliropotomy. 

In the succeeding vertebra the pleurajmphysis, fig. o4, k, 
articulates with a hicinapophysis, and 
the luTMnal arch is completed by a 



Oia.c;r;iTii (if Mri/i-rior v rrr<-T.'r;i', 
CriwodiU'. (■(', 


hiemal spine; by which completion 
of the typical segment we distinguish 
the commoieement of* tlie series of 
dorsal vertebrie. \\'^itli regard to the 
so-calhMl ‘ perforation of tlic transv(‘rse 
])ro(*ess’ this etpially exists in the pro 
sent vertebra, ns in tlie eervieals ; on 
the other hand, the cervieal verlebra; 
equally show surfaces for th(‘ articu- 
lation of ril)s. The tv])ic‘al eliaraelers 
of the segment, due to the. eompletlon 
of both neural and hieinal arches, are 
(.!ontinue<l in some species ol‘ CrncoiliUa 
to the; sixteoiitli, in some (('rffcodiZ/fs 
the eighteenth verlehra. In 
the CroeafZilus aculus and the AUhjulov 
htaufs the luemapophysis ol‘ the eighth 
d<*rsal rib ( sevonteoiitli sx'grnent from 
the bead) joins llitit of the anteee»lent 
vertebra. 4 in; j>leura|)opliyses project 
freely outward, and become ‘ tloaling 
ribs’ in the eighteenth, fig. od, /y, 
Jiineteontli, il). c, and twemtieth, ib. 
vertebrie, in which tli(‘y become ra])idly 
shorter, and in the last ap|)ear as mere 
appe?Klag(ss to the end of the Itmg and 
broad diapojJiyses : but the luemapo- 
jihyses by no means disappear aftej* 
the solution of their union with their 


]>leura|)ophyses ; they itro cSvS<mtially 
independent ehunents of the s(‘gment, and are accordingly <*on- 
tlnued, in pairs, fig. 55, 3, 4, 5, o, 7, and 56, along the ventral sur- 
face of th(? abdomen of the CrovadWa^ as far as their inodifie<l 


hornotypes the i)id>ic bones, lb. s. They are more or loss osslfi(Mh 


and are genc)‘ally divided into two or three ])iee(‘s. A short carli- 
laginofis piece, an imossifieVl part of the pIenrapo|)hysis, intervenes 
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between it <and the Inicmapopliysis. A small cartilaginous appen- 
dage^ is attached to some oi‘ the ribs. 

'^I'he 1 inn bar I'ertebrie are those In whicli the diaiiophyscs cease 
to support moveable plcurapopliyses, although they ai’c elongated 
by tlie coalesced rudiments of such, ib. c,/! //, A, whi(‘h are divstinci 
in the young Crocodile. The length and ])erKsistent individuality 
of more or tewer of these rudimental i:il)S determines the number 
of the dorsal and lumbar vertebrae respectively, and exempli fi(?s 
the purely artificial character of the distinction. The ninnlx'r of 
vertebrae lietweeii the skull and the sacnim is twenty-four. In 
tlie skeleton of a Gavial, 1 have seen thirteen dorsal ami two 
lu]nl)ar; in tliat of a Crocodilaa vataphrdctas twelve dorsal and 
iliree lumbar; in those of a (!rovo<llht>i dcuh/s and AlUffator Idcins, 
eleven dorsal and four lumbar, lig. 57, wliicb is the most com- 
inoii number. Cuviiii* assigns five lumbar vertebne to Croc, 





hiporcatifs, Ihit these varieties in ihn develojicment or coales- 
cence ot* the stunted plmirapophysis are of no essential moment. 
The coalescence of the rib \vlth the diajHiphysis obliterates of 
course tlie character of the ‘costal articular surface,’ which we 
hav(', seen to be common to both dorsal and cervi(‘al vertebrae 
The lumbar zygapopliyses have their articular surfaces almost 
horizontal, and tlie diapophyses, If not longer, have their antero- 
]H)stcrior extent somewhat increased ; they arc mucli d(^pressed, 
or flattened horizontally. 

The sacral vertebrae, fig. 57, 8, arc very distinetly marked by 
the flatness of the coadaiited ends of their centrums ; there are 
never more than two such vertebrai in the CrocodUia, i*ccont or 
extinct: in the first the anterior surface of the centrum is concave, 
ni the second the posterior surface; the zygapopliyses are not 
obliterated in cithej: of these sacral verjtebras, so that the as|)?)ets of 
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their articulMr suifacre — upward in the anterior pair, dowinjrard 
in the posterior pair — deteriiHnes at once the cornisponding ex- 
tremity of a detached sacral vertebra. Tlu^ thick and strong 
transverse ])roces.ses form another cliaractcristie of tln^se vertehne; 


o(l 



fiiacrv.'ini of tlie liaaiial sirolic.': of tin; tniiik, 
vjovod froHi f. <( . 


for a long j)criod tlie suture 
near tlieir base remains to sliow 
how large a ])ro])ortion is formed 
by the ])leura|)opliysis. Ill is 
element, ti-. o.), articulates 
more with the centrum than 
witli the (lia])Ophysis developed 
from the neural arch; it ter- 
minates by a rough, truncate, ox- 
I landed (extremity, which almost 
or (|uit(* joins that of the similarly 
but more ex|)anded rib, ib. A, 
of the other sa<*ral vertebra. 
Against tliese extremities is ap- 
])lied a sujiplemenlary costal 
jiieee, serially homologous with 
the tibrons tract indi(‘nted by 
the dotted lines between // and 
r, (f and fi, fig. ; but ossified, 
ex])anded, and interposing it- 
s(d f be t w ceil the phm ra [>o j )h y sos 
and hanna])op!iyses ofbotli sacral 
vertehras not of one only. 
This inUn-mediate iileuraiiophy- 
sial part is called the '•ilimn’ 
fig. .07, G2: it is short, thick, 
very broad, and subtriangiilar, 
the lower truneated apex form- 
ing with the connected extrem- 
ity of the hieinapophysis an arti- 
(*ular cavity for tin; diverging 
appendage, called the ‘ hindleg.' 


The harmajiopliysi.s of the anterior saci'al vertebra is’ called ‘ pubis; 
fig. 55, 8, fig. 5G, 5 ; it is moderately long anil slender, but expanded 
and flattened at its lower extremity, which is directed forward 


toward that of its fellow, and joined to it througli the interrnedimn 


of a broad, cartilaginous, Inemal spine, ib. lo and ii, comjdcting the 
Ineinal canal. ^Jlie Ineinapopliysis ol* the second sacral, fig. 55, 
lig. 5ft, 4, is broader, snbilcipresscd, and subtriangulai’, exjianding 
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as it approaches its follow to comi>!etc the socoikI pelvic lueinal 
arch. The size of these elements of the hionial avcli, and tlieir 
distinctive shapers, have obtained for them, In anthro|)()torny, special 
names; their divero-ini^ a])pemlage beini:^ develo|)od into a potent 
locxnnotivc member. The crocodile yields a clear view of the serial 
homologies of the hamjal elements along the trunk. In fig. 50, 
they are sketchecl as seen from the dorsal aspecd. 'flie luemapo- 
physes exteml frojn h 1,2,3, to //«, 5, 4 : the hioinal spines, mostly 
confiuent, are co-extensive from ha to 10, where they ex])and as a 
(‘artilage between i\ and 5. The i)air of hamiapopliyses, h 1, are 
called ‘coracoids,’ and l)ear the special nnml)err)2: the pair, 5, are 
the ‘ j)n))ic boiu^s ’ ; the pair, 4, the ‘ ischia.’ The h;emal spijie, //>•, 
is called ‘ episternnm,’ the siicceedingmore or less confluent spines, 
9, form the ‘ sternum in Man their abdominal continuation, not 
rpiittij^g the librous tissue-state, is called ‘ llnea alba’; it be- 
comes cartilage in the CrncodUla, ib. 10, and ])artly bony in old 
specimens. '^I’he abdominal luemapojihyses, representiHl by the 
‘intorseclionos tendincai musculi recti abdominis’ of anthropotomy, 
are commonly ossified, each trom two centrejs, in old C/nwodilhf. ' 
d’he pleiirapopliysis is reduced to a transverse ])rocess iu tlie 
first caudal vertebra, fig. /; whieb, besides being biconvex, 
has no articular surface tor the lKema])0])hyses ; these elements 
rea])])ear In the succeeding segments, detached, as in the lumbar 
series, from their phnirapophyses, hut articulated to the carntrimi 
dirc'ctly, fig. 7, with a liaekward displacement, to the intersjiace 
hot ween their own and the succeeding vertebra, fig. 57,//. After 
the {\ nirteenth etiudal vertebra the transveo'se ])ro(a‘sses disappear, 
the centrum becomes compressed, and tlie neural and haaual 
spines give adequate^ vei'tieal extent to the long and strong nata- 
tory tail, to near its jininted termination. 

The eliarac-ters of the trnnk-vertebnvi of existing Crorodilia, 
especially their pro(*(cIIan type, are tliose which their ])rcdeccssors 
presented throughout all the tertiary series of deposits,^ and l)v 
some sjHicios from cretaceous beds.** But iu all the secondary 
series below the chalk, the CnfcotlUia ])resent Hattened or siib-eon- 
cave vertcibral surtaees; or, if the eup-aml-liall structure bo 
l>resent, it shows reverse jiositions to the ]>roc(elian type, e. g. iu 
the anterior trunk-vertelmu of the genus of oolitic Crocodilian , 
thence termeil ‘ Strvptnaptntdylna,'* A similar ‘ opivSthocadian ’ 
niodification is presented by the cervical and anterior dorsal 
vertehne of the more gigantic Cctioaanraa \ and, in a minor degree, 

* ci.xni., part iii. p, U7, pis, 1 d, 3, 3 A. 

i CrocodiluH CLXIV. p. 3S0. • 
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Skeleton of AUfgatnr 


by some of tlie great reptiles, with 
limbs more adapted for terrestrial pro- 
gTOssIoii, called ^ Dinosaur la’ ; favour- 
ing in these the flexil)iHty of the nech, 
as the same ball-and-socket Kstnu^tiire 
does in tlie large herbivorous quadru- 
peds of the present ilay.' Tlie neural 
areli in the dorsal region Dinosaur ia, 
was enlarged and strengthened by a 
bony ])latform, with sup[)orting ridges : 
the sacrum Included I'rom four to six 
Tcrtebrie, having the neural arcli 
shifted so as to rest u|>on two ('en- 
trums and bind them togetlicr. 

§ 2o. Vvrtrhral column of l^ero^ 
sffuria. — In tracing the modilicalions 
of the skeleton from llic earliest forms 
orextinct species, the proccelian tv])e oT 
vertelira appears first in the extinct 
group of Itcptiles (Pferosauria) adaj>- 
tedfor flight; tluj Iherodactyles of tlie 
Lias show it, with a confluent neural 
arch and a pneumatic foramen on each 
side of the vertebra.'^ The cervical ver- 
tebra; ol Pterodacty los, fig. Ill, ai*e the 
largest, seven or (‘ight in rmmber, of 
Avhich the first two coalesce. The atlas 
Ir.ts a very sliort discoid centrum and 
two slender neiira|)ophyses. The dorsal 
vertebne become smaller to tin; pelvis; 
they may be fifteen in. number, fol- 
lowed l)y two lumbar, from three to 
seven sacral, and a variable number 
of caudal vertebrie. One family of 
Ptcrodactyles had along and stiff tail ; 
the rest, as in lig. Ill, a short tail. 
The anterior free ribs have bifurcate 
heads ; and, as this structure is asso- 
ciated in modern Reptilian with a 
fonr-cliamhered heart, that organ had 
probably reac.hed the same stage ol 
perfection in the flying Kejitiles, tlaj 


\xxiji. i)arts V. and vi. j xxx. p. 285. 


cvi. p. 161, pi. X. 
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hiig(i terrestrial Dinosaurs, aial other extinct groii|)S with tlie same 
(lostal structure. The existing* Rcptilla are hut a remnant of a 
once extensive ami varied class ot* cokl-ldooded vertchrates, which, 
since the mcsozoic epocli lias been on the wane.^ 

§ 2Ci, of the shalL — Tn reviewing the modifications 

of' tJiis part of tlie vertebral column in tlic llaniwtovnja^ we 
retrace our steps to the lo^vest Avater-bveathing forms, and 
recommence with the Dermojiterons silbcTlass. 

Passing from the trunk to the head, we lind in tlie Lancelih 
{llnuirhiostoniaf fig. 23, that the (*raninin is not indicated by 
difibrence of size or structure of the rudimontal vertebral column, 
but consists of the gradually contracting anterior termination of 
the neural canal, which retains its primitive fibro-membranous wall, 
y/, oh, without any superaddition of parts, and is suj)porti‘d by the 
laperlng end of the notochord, ib. ch. This |>art extends farther 
forwai'd than the cranial end of the neural canal, iiwli(*ating tlie 
noii-develo[)emeiit of the prosenceplialon and corresjionding ])art 
of the ('ranial cavity, in fa(;t, there is no ganglionic cerebral 
ex|)ansi(m wliattjver in this vermiform fish: the ejiencephalon or 
medulla oblongata is indicated by the origin of' the* trigeminal 
iierv(‘, ib. oh, in advance ol' which the mesence[>halic segment sends 
oft the short ojitic. nerve to the dark ocellus, yy/y, and there terminates, 
somewhat obtusely, beneath what Dr. Kollikeii 'M ias described 
as a ciliated olfactory capsule, ib. oL The cranium of the Lancelet, 
therefore, may lie said to be composed of the notochord and its 
memliranous capsule, Avithout the superaddition of cartilaginous 
or oss(M)iis coveriiigs. liut, as an appendage b> the skull, may be 
ili'scrlbed the jointed, cartilaginous, hiemal arch, ib. h, which 
exteinls from below the (vranial end of the chorda dorsalis, doAvn- 
ward and backward on each side of the orifice ol* the pharynx ; 
this represemts the labial arch of higher Myxinoids, and supports 
several pairs of the jointed slender oral filaments. It is the sole 
chondri Med part of the skeleton in the Branchuhstonia, 

Tlie cartilaginous tissue is siiporinduced upon the filiroiis brain- 
sac ill osseous fish(‘s, in the following iminiicr. Tlie notochord 
advances as far as the pituitary sac, or ‘ liyjiophysis cerebri,’ wbere 
it terniinate.'^ in a point; cartilage is develojied on eacb side, 
forming a tlilck Siceipito-sjihenoidal ’ ^ mass, which extends ont- 
'vard, and forms tlie earhall or acoustic capsule. The cartilage 
rises a little way upon the lateral walls of the cranium, and is 
there insensibly lost in tlie [irimitivc cranial membrane. At the 

* CLxxx. p. :520, - XXXII. p. 32. 

■* Plaqiw nuchate, Vogt ; KnocherneJjaais cranii, Muller, xxi. 
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oml of the notochord the basal caTtUages, developed in continna- 
tions of Its capsule, diverge, surround tlie pituitary vesicle, and 
meet in front of it, forming the ‘ sphenoidal arclies,’ ^ which join, 
or expand into tlie ‘ vomerine f»latc.’ ® 

The immature Lamprey, called Sand-lance (^Amrnoavtrs), retains 
a like condition of the skull, fig. 58, to the second or third year. 
Tlie occipital cartilages extend iVom the sides of the pointcMl eiul 
of the notochord, ib. c/u and expand into the acoustic 
capsules, ib. lo: the sphenoidal arches, ib. r, eiicom- 
pass the ])ituitary or hypophysial space, ////, now closed 
hya meinhrano-cartilaginous i)late,and unite anteriorly 
to form a small voni(‘rine |>late, ib. la, in front of 
whicli is the single undivided nasal capsule, il). I'J. 
The now ex])anded cerebral end of the neural caj)al, 
fig. 51), //, is still defended by fil)n)us membrane only; 
hut is divided from the vomerine plate, ib. la, by a 
backward extension of the nasal sac, ib. la, to the 
pituitary vesicle. 

In the Myxine the acoustic, capsules are a]>j)roximat(!d at the 
base of the skull ; the splienoidal arches are longer, and unite with 
the palatine |)late and arches, from which are sent oil* the labial 
cartilaginous |)rocesses su[)|)orting the buc(*al tentacles homologous 
with tlioso in the Ijancelet. In the long hyi)opliysial interspace of 
the splienoidal arehes a more or less firm 
cartilaginous jilate is devehiped, from which 
a slender median pro(U‘ss is continued liu- 
ward to the vomerine or palatine plate, 
Avliich siH)})orts the nasal oa|>sul(‘. ; another 
process externls backward ti) tlie oceijiital 
cartilage. Other jirocesses are also sent 
ofl’ from the sides, Avlueh form a (*oin[)lex system of pecadiarly 
M vxinoid carti lagcs.^ 

In the mature Lamprey { fig. ()0, the occipital 
cartilage is continued backward, In the form of two shmder 
procc'sscs, c, u|)on the under pai*t of tiui notochord, c//, into th (5 
ccrvit'al region. The hypophysial s])a(a', ////, in front of the 
oc.ci])ital cartilage, remains piu’inaneiitly open, hut Ims been con- 
verted into the jiosterior aperture of the iiaso-|)alatine canal. 'Jlie 
si'dienoidal arches, 5, are very short, a|)proximated towards the 
n)iddie line; and the vomerine cartilage, la, is brought, back 
closer to tJie s|>heTioidal arcbes. Two cartilaginous arches, 24, 

' An-^cs laterahHf \^)gt ; TlmjeLjhrsiU^^^^ hasis vranii^ Miillcr. 

- Phiqil*' faciale, GaumenfAalte^ Muller. =* xxi. 
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circumscribe elliptical spaces outside the presphenoid jdate : tlicse 
app(?ar to reprcs(3nt the pterygoid arches, fig. hi, /, but, as in the 
ein1)ryo of higher fishes, arc not separated from tlic base of the skiill 


by distinct joints. The basal cartilages, after forming 
the oar-capsules, ib. y, ex tend ii])(m the side's of the cra- 
nium, il>. //., arcli over its back part, and leaver only its 
u|)per and middl(3 part membranous, asin the human 
embryo when ossification of tlie cranium commenc<?s. 
The cranium is contljuied below the olfactory capsule, 
ih. A, into the ‘ rostral )>late,’ /. Ih'hiud the pterygoid 
arch, the process rci)rcsentirig the stylo-hyal, lb. i\ 
i \ ])asses down, and expands to give attachment to 



the museles of the tongue; the ‘ baslhyal ’ snp]H)rts, 


skull, 

Tjnoim.n. 


by its forward ‘glossohyal’ extension, the large den- 


tigerous tongue, and ))y its baedeward ‘ urohyaP g]*owth, .v, adds to 
the surface of iuscuMioii of the muscles. The cartilage descending 
from the side of tlie fore ]>art of the cranium to join the pterygoid 
an*li, /, may represent a ‘tympanic/ pedicle; it maiidy supports, 
as in the Sturgeon, fig. 62, ‘?s, and Shark, tlie membrane, fig. 
and cartilages, foi’iiiing the roof and luargiu of the nioiitli ; in which 


G1 



Skiill of. S«:i F/liiij>jvy ( /'i.liot'r.iiinii XVl. 


n may be compared to tbe ‘ palatine,’ and n to the maxinary, Avliilo 
p seems to he a s[>ceial labial cartilage in this suctorial fish : ij and r 
GHi ])i-ocesses •for the muscles working this ])eculiar a])i>aratus ; 
and in addition to these is the cartilagiuons basket before de- 
scribed, fig. 24, 45, Avliicli supports the modified and perforated 
hoinologue of the large respiratory jiliarynx, fig. 23, n, in the 
Hranch iostome. 

rims, in the Dcrmopteroiis fishes, the dovelopcment of the skull 

arrested at more or less early embryonic stages ; Avlu^nce it 
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jiroccecls in a specinl diroetinn, to stamp the species with Its own 
distinctive tiiid j)(M.iiiliar character : in the Braiichiostoma by the 
articulated cartilaginous labial arch and its numoroiis tilainents ; 
and ill the jiropcr Myxinoids and Tiaiuproys by the formation of 
the (MMUjilex system of lateral and labial cartilages ; or by the 
modificatlou ot* the jjalatinc, maxillary, and liyoiil rudiments, in 
relation to the siu'torial fiinetioii of the mouth. 

In the Sturgeon (yifV/w/.sYr) fig. 62 , the grow'tli of eartilagc has 
inclosed the whole of tlic brain-case, J\ //, and blended with its 
walls the ear-capsides : in advance of tins it devclopes protective 
cavities for tlie now well-(lcvclo|>ed eyes and double nasal sacs : the 
orbit, 2, being divided tVom the nostril, h, by tlie ridge, 2 , and 
both sn])p(>rted by a ‘ voniorinc’ basis, y": beyond vvbich tlie 
cranium is conliniiod forward as a ItJiig pointed rostrum. The 
cartilaginous pediede suspending the [lahito-maxillary apparatus is 


divided into throe jiieees; the cpi tympanic, ib. y//, the mesotym- 
panic, ib. ?/, and tlie liypotympanic, ib. 2G. The latter supports 
tlie palatine vault, 20, witli wliich the jiterygoids, s(\ are conllucnt ; 
the maxillary, 21, the iiremaxillary bone, 22, the laliial cartilage, 
74 , and the mandiiile, ax All these parts of the edentulous 
suctorial mouth are very small in jiroportion to the size of tla^ 
lioad and entire fisli ; and they are the only ossified parts ol 
the endoskeleton. The premaxillary is ii sulitriangular idatc, 
joined liy ligament to its fellow, treneJiant anteriorly, anti 
extending in an arched form to the mandible, '^riie mandiiilc, a2, 
artlcuhites by a eoncavity to the ]>t(a’ygoid and jiremaxilhiry, and 
consists ot a single piece, unittid to its fellow by a ligamentous 
symphysis. 

J he mouth of the Sturgeon opens upon the under surface 
of the^liead, and is jirotruded and retracted chiefly by tlic move- 




ANATOMY OP YKRTETiRATES. 


75 


ments of tlic tympanic [)cdiclo, which swings^ like a penduliiiii, 
from its iK)intof siispensi(jii to the post-orhital process. 20, r/', 
Hie hyoid arch is also small and simple in tlie Sturgeon. 
epl-h.val is short, and attached to near the uj)|)er end ol* tlie hy[)()- 
tympanic. The cevato-hyal, fig. 02, 4o, of thri(‘e the lengtii, is 
cx]>anded above, and Is attached by ligament extending from that 
part to near the jt)lnt of the lower jaw^ The basi-hyal is a sliort 
sidicubical pieccj : it gives attachment anteriorly to ccrato-liyals, 
and posteriorly to the anterior basi-braneliial ami hyjio-branchial 
cartilages. 

The three first brancliial arches consist of hy|K>-l)ranchials, 
]n'ogressivel V decreasing in si/e, of cerato-branchials, e])i-bnin- 
chials, and pharyngo-hranchials : the fourth arch consists of 
cerato-branchials and epi-hranchials : the fifth ar(.*h of cerato- 
branchials only. 11ie hraiichial cavity is dosed l)y an ojiercular 
dci-mal scale, d, a:), supported by the expanded tymjianic cartilage, 
w, fig. 02. 

Tlie ('artilaginous re|>reseulative of tbe par-occipital projc(‘ts 
liackward fi’om each angle of the oceiiint. A triangnlar supra- 
scapular cartilage, fig. 02, .oo, has the angles of its base slightly 
produced, one being articulated to tbe end of the par-occipital, 
tin; oilier *to tbe ex-occipital region. To the ap(‘x is attached 
llic scapulo-coracoid arch, il). .51, .52, Hie coraeoid cartilage 
expands ns it descends, sends Inward and forward a broad 
wi'(]ge-sliap(Ml jilah', ami ]>resents a large perl'oration at Iis thick 
pi)>terior part, answering probably to tbe ])erforated ulna of 
(»ssiM)us Fishes, here confluent with the arch. The pec'toral On 
is artlmdated to the nmler part of* this ])orforatod jirojection: the 
coracoid terminates by a broad thin jilatc beneath the ])ericar(]iniTi, 
where it is joined by strong apoiienrosis to that of the oiiposito 
coracoid. 

S|K;dal dcvdopcinent proceeds further in the skull of the 
singular A(‘ipiniseroid, called ‘ paddle-fislF {Flainrostra Spaivhi\ 
It is remarkalile for the rostral ])rolongation of the nasal and 
vomerine bones, llie rostrum being flattened liorizoTitally and 
expanded like the mandibles of a 8]»oonl)ill. Hie sides of the 
rostrum arc •vstrengthened by a reticulate disposition of bony 
inattcn* in the form of stars, the rays of wliicli anastomose. The 
upper part of the erauium is less jierfec-tly chondrified tluin in 
the Sturgeon. There is a long vacuity lietwCen the frontal, 
parietal, postfrontal and mastoid bones: the tympanic pedicle is a 
simple elongated piece of hone expanded at both ends, 'flic 
maiidihular and hyoldean arches arc suspended by a short x*artilage 
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to tlie end of the tympanic bone : tJu; palatines are extremely small. 
The premaxillary and maxillary bones seem to have coalesced ; 
they expand as they extend backward to become attached to the 
cartilage supporting tlie mandibular arch. The slightly ossified 
])terygoids run parallel with them along the inner >sides to tliCvSamo 
part. Tluj articular and dentary jiieces of* the lower jaw have coa- 
lesced, but there is a trace of* a slender splenial piece on the inner 
side of the mandible. Ail the bones of the moiilli are edentulous, 
but the mcml)rane covering the extremities of the upper and 
lower jaw is roughened by extremely minute denticles iii the 
recent fish. The ceratohyals arc jmrtially ossified : the rest of 
the hvoidean arch is carlilaginons. A branchiostegal apjiendage 
in the form of an irregular elongated flattenod bone, resohed 
posteriorly into osseous fibres, extends from (^acli side of fhe 
coinmcneeiiKmt of the hyoidean arch, A similar but larger op(*r- 
enlur appendage extends backward from the extroinity of the 
tympanic jiedicle. 

§ 27. Sliull of Plaf/iostoirn , — The more or less cartilaginous skull 
of tlie Plagiostomous fishes might be liistologically regarded as the 
transitional step from tlie (Jyclostomons to the Osseous iishes ; but, 
morphologically, it offers a different, appareidly simpl(‘r fypo; and 
one which, through the progress of devedopement in the direct 
vertebrate route, more nearly ajijmiximates to the cranial organi- 
sation in the Batracliia. The Alordc-lish ( Sfiiwtina ,, — an interme- 
diate form between (he Sharks and Rays,) affords a gooil and typical 
exa]n|)le of the essential characters of the plagiostomous skull. 
The cranial end of the notochord and its eaj*snle are converted 
into firm graindar cartilage ; extending forward so as to constitute 
an oblong flattened [date forming the wliole basis cranii. The 
posterior margin of this ‘ occipito-s])henoI(lar {date su])ports two 
convex condyles, for articulation with the body and ])ara])ophyses 
of the axis. The body of the atlas lias eoalesired with the basi- 
occipital, as is indicated liy its slender but sejiarate neural arch. 
The lateral margins (d* the basal cartilage bave two notches, the 
intervening ])rominence representing the primitive s|>henoidal 
arch, here filled up and sending otf a rndimental pferygnid process 
outwards. Just anterior to the median ridge tliCrc is a small 
fossa, (in the yoiiug Sfjifathia a foramen,) the last trace of tho 
pituitary canal : tlie Imsal cartilage then expands to form the 
lower bonier of tho groove which re(!cives the palatine process or 
jioint of suspension of the palato-maxiJlary arch, in front of which 
it contracts to f'orm the vomerine base of tbe cranium. The cra- 
nial cavity is not nnadded •on the brain, but is of larger size ; it 
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coininunioatcs by means of the nervous and vascular foramina 
with the acoustic chamber in the thick lateral wall: this insulation 
of the labyrinth is connnon to the Plagiostoines. The cranial 
cavity is closed by meinbraiu; anteriorly. Tlie foramina for the 
fifth pair of nerves mark the alis[)henoidar ])ortion of the endo- 
cartilage : those for the optic nerves the ^ orbitosphenoidal’ {)art : 
the ^prefrontal’ portion is marked by olfactory Ibramina, and 
their articulation with the ])alatine part of the maxillary arch. 

The exterior of the skull is variously and singularly modified in 
dilferent Sharks and Hays, the developemmit [)roceeding from the 
advanced cartilaginous stage just described, to establish j>eeuliar 
])lagio8tomous characters, and to adapt tlie individual to its s[)ecial 
sphere of existence. 

The same general continence of cartilage, which pervades the 
|)rotecti ng walls of the l)rain-casc, characterise^s the appended 
ar(*hes of the cranium. A single strong sus])ensory ])edicle, fig. 
BO, c, articulated to the side of the skull beneath the ])osterior 
angular (mastoid) process, has the hyoidean, and partly the nian- 
dilndai-,^ arches attach(id to its lower end, the former, r/, by a close 
joint, th('. latter l)y two ligaments. The maxillary arch, in Stjua- 
is suspended by a ligament frojii its ascending or ])alaral 
])rocess, to the notch between the vomerine anil the anterior 
snpracranial cartilaginous plate. From this |>oint the jaw is coii- 
tiimcd in one direction forward and inward, completing tlie arch, 
ih. c, by meeting its fellow, to which it lias a close ligamentous 
junction ; and in tlic op])Osite direction, backw ard and outward, as 
a coah'seed diverging ap[)endagc to the outer side of the tympanic 
])cdicl(*, where it foj-ins the more immediate articulation for the 
lower jaw’^, like the hypotympanic contimiatlon of tlie upper 
maxillary bone in tlic Thitra(‘hia, fig. 71, c. l^ach lateral half or 
ranuis of the mnndihlc, fig. BO, r/, consists of a single cartilage, 
the twi) being united together at the symiihysis by Hgaincnt. 

Two slender labial cartilages, ib. J\ are devclojied on each 
side the maxillary, and one, g, on each side the mandihiilar 
arch; which complete the sides of the month. These cartilages 
t/nvier regarded as rndiments, respectively, of the maxillary 
and dentary hones, the dentigerous maxillary arch as the jialatlno 
hones, and the mandibular arch as the articular piece of the 
lower jaw : but both palatines and articiilars co-exist with 
labial cartilages, like those of kSf/uatma, in a Ilraziliau T’orpedo 

* Throughout this work the term ‘mamliblc’ is applied to tlic lower jaw, and the 
inverted cranial arch which that jaw completes is called ‘mandibular;’ the arch 
formed by the upper jaw is called ‘maxillary.* • ^ 
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{Narcinc}, and at the same lime willi distinct pterygoid 
cartila<i:es.^ 

Four or five short cartilaginous rays diverge from the jiostorlor 
margin of the tympanic pedicle, ib. r, and siijiport a membrane 
answering to the ojiercular flap in Osseous fishes; in their ultimate 
homology those rays are the slveleton of the diverging appendage 
or limb of tlie tympano-mandiliular arch. 

The hyoid arch in as in most other Flagiostomes^ 

coiKsists t,)f two long and strong cerat('-hyals, and a m(‘dian fiai- 

tened symmetrical jiiece, 
the basi-hyal. Six short 
<'ai‘liIaginoiis rays*’ extend 
(Mitwai'ds from the ]>a<dv 
part oj* th(‘ eormia, siij)port- 
ing the on ter inemhranous 
wall of the bi’anchial sac : 
these answer to the b ran- 
ch lost egal rays in osseous 
fishes, and sii])port the di- 
verging aj)j)c;nda; )r limb 
of* th(^ liyoid(‘an arch. *^>nt 
tlie fold of integument in 
which they project is not 
liliorated, and is continuous 
with that siipjiorted hy the 
opercular rays from lh(i 
tym})aviic pedicle. Five 
branchial arches, fig. .‘>0, 
I, y, 3, 4, snrecuid the 
iiyoidean ; hut are sus- 
pended, as in the Lam- 
prey, from fbe sides of the 
anterior vertebrie of the 
trunk. In tlie Sea-bound 
(Sn/nunfs (id, the 

ceratohraneliials, J\ /, and 
liasibi'ancbials^ e, c, are 
shown, with the frame- 
work of the gills,//, 7. IJc- 
bind these arches is the sca- 
puio-(M>racoid arc, ,02, unilcd by canilaginons confluence at the 
mid-line, not by ligament as in the Sturgeon. 

* XXI, 1 i^35, pi. V. figs, 3 8c 4, It may be questioned wlicthrr the tlclaehcd jdato, 
eallcd puliitinc by J)r Ilenic, be not rather tlie entoptcrygoid. 



Skull will) ))rnnolil!il atul sriii'iilar arrli* •*, f>n;hinin>. XLui. 
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The Cestmeion^ so interesting from its early introduction \uio 
the seas of this planet, is not so far advanced in cranial de- 
velo|)e!nent as is the more modern S(imUma. Iji the existing 
species of the Australian seas {Ccstravlon PhilUin)^ the cartilagi- 
nous hasioecipital retains a deep conical excavation, adapted to a 
corn's) Kuiding one in the atlas, which cavity is consolidated l)y 
carlilage in the SijiKtthta; the original j>lacc of the extended ante- 
rior end of the chorda, along the middle of the |)Osterlor half of 
the basicranial carlilage, eontinues nu‘nil)ran()ns, and the ])itiii- 
tary ])erforalion is ])erniaiiently closcid hy nicnihrane only ; the 
hasal cai'tilage cx])ands anterior to this, and ('oines into close 
connection with the maxillary arch, aiK^ is thence continued 
forward, contracting to a ])oint l)etween the nasal capsules, whieli 
jnect at the middle line above the symphysis ol;‘ the ii])])er jaw. 
TIh* proi)er ('ranial eai’tilage is thinner than in the Stjnffthta ; 
the anterior or pineal fonlanelle fn'ins an extended niornhranon.s 
tract on the u])|)er [Jartof the eranlinn ; the vertical ridges, \vhi(*li 
rise from the sides of tliis tract, extend (‘orward and outward to 
supj)<)rt the nasal sacs, and arc continued backward, interrupted 
by a notch filled by membrane, to the posterior angular lu’oeesses, 
wlii(*li overhang tbe joint of the innxillo-hyoidean ])edielc. The 
inaxillary and rnandibnlar arches are as simple as in Squtffitin^ 
but mu(‘h strongc^r, since they sup])ort a series of massive griudiiig 
teeth, as w(*ll as i)ointod ones, or laniaries. The rami of the lower 
jaw are ('onihu'ut at the symphysis. 

The. Skates and Uays have the skull movably arlieulalcd, as in 
Sqftf/finff, by two l>asilar condyles and an intervening space, to 
the axis. The skull is flat and broad ; the upper wall mem- 
braiions for a gn'ater or less exteut, lig. (> 4 , except iu Nfirrhn\ 
where it is closed by cartilage. The anterior or ^omeriuc [»art 
furins a long jiyramidal n)struin, to Avhieh are usually ai’ticulated 
eartilag(‘s coimeetiug its extremities with the anterior aiiu’les of 
tlie enormously developed ])ceioral liu, lb. 12 ; iu tbe s[)aee 
lj(‘tween the skull and those tins, the TorjuMlo carries its electrics 
batteries. ''flie tyinpaiiic pedicles, are short and thick; the 
maxillary and inandilmlar arches long and wide, stretching trans- 
versely across.the niuler part of the head. 

Jn the ordinary Sharks the forward |>rolongatlou of the evaiilal 
cavity gives a rpiite anterior position, and ahuost vertical ])laiie, 
to the fontanelle : three columnar rostral cartilages are produced, 
two from above, and one fi'om between the nasal cavities, Avhicli 
processes converge and coalesce to form the framework of a kind of* 
^Hit>wuter, at the fore-part of the skulU In the place of articular 
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condyles, processes extend backward from each side of the occl- 
})ital foramen ajul chisj), as it were, tlie bodies of three or four 
anterior vertel)ne ol* the trinik. Tlio ptervgoidean arclies extend 
outward, iii Cfirrharias, from the base oi the cranium, but, as in 
embryo osseous fishes, are confluent therewith at both ends, l.^hc 
maxillary arch, suspended near its closed anterior extremity to 

Ct 



the Yomerine part of the base of the skull, is thence extended 
backward to the articulation of the lower jaw. A simple carti- 
laginous pedicle foi*ms the upper part (pleiira])ophy.sis) of the 
mandihular arch, which is completed Ixdow by the lower jaw. A 
few cartilaginous rays diverge outward and liaekward from the 
pedicle^ and siipixirt a small opercular llai> or fin. The hyoid 
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arch consists of a basihyold and two simple ceraioliyoid carti- 
lages ; the stylohyal is ligamentous^ as in the Sfjnafma, Short 
cartilaginous rays diverge fi'om the ccratohyal to support tlie 
hranchiostegal membrane, or hyoid fin. Tlie scapular arch, 
wliich we sliall find normally articulated with the occiput in 
osseous fishes, is attached thereto, at a little distance behind the 
head, by ligament atid muscles in tlijL>- Sharks, fig. 30, 5i : from 
this arch, also, cartilaginous rays, ib. A, /, immediately diverge for 
the support of a radiated appendage or fin — the homolype of the 
tympanic or opercular fin. 

Tlie capsules of the special organs of sense arc all cartilaginous: 
lhat of tlie ear is involved in the lateral 
walls of tlie cranium; that of the eye is 
articulated by a cartllaglnovis pcdichi with 
ihc oi’hit ; and that of the nose, figs. 30 and 
()3, 1), is overarched by the nasal processes 
ul* tlie epicranial cartilage, ib. and is 
coinpleted below by membrane. At the 
summit ol‘ the occiput in Carcharlas and 
some other sharks may lie seen two closcily 
ajjproxlmated oval Menestne,’ which lead 
to the acoustic labyrinth, and arc covered 
hy skin In the recent fish. 

Amongst the stranger forms in wliich 
special developoiiient radiates, in diverging 
from that stage of the coinmon vcrtebiatc 
route attained by the Plagiostomes, may 
he noticed the lateral transverse elonga- 
tions of the orbital pro<*essos, supporting 
the eyeballs at their extremity, and giv- 
ing the peculiar form to the skull of 
certain Sliarks, thence called ‘Hammer- 
headed’ ^Zycfamfi), In the ‘ Saw- fish’ 
the rostrum, fig. 65, is produced 
into a long, fiat, plate, having a row of 
tooth-like bodies imphui ted in sockets along 
each margin. Tlie walls of these sockets 

I . 1 p , •/. 1 Mouth ainl r««sl rum of S.'iw-nsh 

ana trie miupart oi the rostrum arc ossihed. 

file proper jaws and teeth a have the usual inferior position in the 
Sharks. In the Eagle-ray (^Myliobatefi) a cartilage is attached to 
the anterior prolonged angle of the great iiectoral fin, and con- 
nects it with the fore jiart of the cranial (internasal) cartilage; 
It supports a number of branched and jointed cartilaginoiis.rays, 

VOL. I. • a 
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wliich ])roject forward, and are connected at tlie middle line 
with a like series from the opposite side of the head ; they may 
be regarded as partial dismemberments of the great jiectorals; 
and in Jthirwptera Brazilknsis their siipiiorting cartilage is 
directly continiied from that of the pectoral fins, thongh it is 
closely attached to the fore part of the head. These form what 
Mlillcr lias termed ‘cranial fins;’ but the parts more proi)erly 
meriting that name are the opercular and branchiostegal appen- 
dages of the tympanic and hyoidean arches. 

§ 28. Skull of ProioptvrL — Thus far w^e have seen that the liasc 
of the skull is first formed by the anterior jirolongatlon of the 
notochord and the ex])ansion therefrom of its capsule ; and that the 
cranial cavity results from the extension of the outer layer of that 
inemhranc over the anterior end of the nervous axis. We sa^y 
next the su]>eraddition ol‘ special cajisulcs for the organs of sense; 
and tlie cartilaginous tissue developed in the notochordal sheath 
at the base luid sides of tlie cranium, aecordiug to a pattern 
eominou to tlie lowest and to the cmhryos of the higher vcrtebral.a. 
We saw, the eartilaginoiis tissue aequiriug a firmer texture, hard- 
ened by suj)erficial osseous grains, or tesserm, mounting higher 
upon the lateral and ujiper walls of tlie cranium, and at lenglh 
entirely defending it: and wc then also recognised the niaxilhirv, 
ijiandibular, and liyoidean arches, cstablislied in a firm earlikiginous 
material, and on a recognisable iehthyic typo. 

AVe liave now to trace the course ami the forms under which 
the osseous material is svipciradded to, or substituted for, the 
])rimltiye cartilaginous niatcrial of the skull; and the remarkahle 
Lejiidosireii, whose; organisation was first made known as in the 
generic form called Vndopfrnis,^ ofiers a transitional step, in the 
shape and structure of its skull, between the gristly and tlie Ixniy 
cold-blooded vertebrates. 

In the Lepidosiren, ossification of tlic cranial end of the noto- 
chord extends along the under and lateral part of its sheath, 
backward to beneath the atlas, fig. 41, i, the posterior sliglilly 
expanded end of this ossified part sn])portmg, as in Stpiafino^ 
the ncura})ophyses of the atlas, fig. 60, ?/, the bases of which 
expand and meet above the notochord and below tlie spinal 
canal. Ossification of the notochordal sheath commencing at 
its under part, ib. h, a»sccnds ujion the sides of the notochord as 
it advances forw'ard, and encloses it above, where it suiiports the 
medulla oblongata, and the latei'al bony plates (ncurapophyscs) 
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called exoccipitals, ib. 2 ; leaving beliind a wide oblique conca- 
vity lodging the anterior nnossified end of the 
notochord, which does not extend turtlicr upon the 
l)asis cvanii. The cxoccipitals, ib. 2 , 2 , expand as 
they ascend and converge to meet abo v e the * fora- 
men magiimn’ which they complete. A small mass ini 

of cartilage connects their upy>cr cnds^with each occij-itnl VI.-I-U lira, 
otiicr, and with the overhanging backwardly pro- 
jcc.ting point of the frontoccijiital sjiine, ib. a. This cartila- 
ginous mass answers to the base of the siiperocclpital in better 
ossified fishes : a similar cartilage connects the cxoccipitals witli 
the occi])ital spine in the Tetrodon^ 

AVc clearly perceive in the ljO|>idosircn that ossification, ad- 
vancing on the c<nnmon cartilaginous mould of the piscine skull, 
lias marked out the neurapophyscs and centrum of the posterior 
cranial vertebra. The occijntal pleurapophyscs, called ‘seapnlic,’ 
lig. 41, 51, appear as strong, bony, styliform ap|>en(lagcs, arlicu- 
lat(‘d hy a synovial cajisulc and joint, one on each side, to the ex- 
and basi-oecipitals. To the pleurajiophyses arc attaclied the iijiper 
extremities of the hiemajiophyscs (coracoids, fig, 41, 52 ) which 
nnit(^ togeihor below, and thus complete the luemal arch of tin* 
occipital vertebra, lierc unusually developed in relation to its 
olfie# of protecting the heart and pcrieavdluin. The coracoids 
holong to the same category of vertebral elomcnts as tlie sternal 
ril)s which protect the heart in higher Vertehrata. The luenial 
ai ch of tlie oeeijntal vertebra of the Lepldosircn sup|>orts a tiliioj-in 
aj)])(mdago, ib. 57 ; it is the key to the homology of the anterior 
or upper limbs of the higher Vertehrata, 

In the second (parietal) and third (frontal) cranial Vertebraj, 
ossification extends along the basal and along the spinal elements, 
but not into the ncurapophysial or lateral elements; these remain 
cartilaginous in continuation with the cartilage surrounding the 
internal ear. The basal ossification, rcj)resenting at its posterior 
end the body of tlie atlas, then the basiocci[)ital, ex])arids as 
it advances along the base of the skull in the situation of tlie 
^^plienoids, constituting the iloor of the cerebral chamber, siqi- 
jiorling the niGdiilla oblongata, the hypojihysis, the crui*a and 
blbe^5 of the cerebrum, and terminating a little in advance of the 
‘►Haetory lobes by a broad transverse margin, bounding a triangular 
i^pacc Icit between it and the converging palatine arches, which 
‘^])acc is filled hy the persistent ^vomerine’ cartilage. The sides 
the basicranial jdate bend down to abut against the bases of 
pterygoid plates. In this expansion of the basisphenoid tlie 
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Lepidosiren resembles the Plagiostomcs. Two ridges rise from the 
upper surface of the basioccipito-sjdienoidal plate, near its outer 
margin, and support the cartilaginous lateral walls of the cranium. 
The cranial cavity is defended above by a longitudinal bony roof, 
fig. 67 , 11, nearly coextensive with the bony floor beneath: the 
roof commeiices^ belilnd by the spine or ])oint which overhangs the 
exoccipitals, gradually expands as it advances, resting upon the 
cartilaginous walls of the cranium, is then suddenly contracted, and 
is united anteriorly by fibrous ligament to the ascending process of 
the palato-inaxillary arch, 20, and to the base of the naso-premax- 
illary plate, 15. A strong shar]) crest or s[)ine rises from above the 
whoic of the middle line of the ci'anial rool-bone, which may be 
regarded as representing the mid-frontal, the parietal, and siijaa*- 
oeci})ital bones, or, in more general terms, the neural spines of the 
three cranial vertehric : but this siipraeranial bone not only covers 
the medulla oblongata, cerebellum, optic lobes, jfineal sac, and 
cerebral liemisplieres, but also the olfactory lobes. The lateral 
cai-tilagiuous walls of the cranium are continued forward from tlic 
acoustic capsule between the basal and superioi* ossemis plates : 
tlic part perlbrated by tlie fifth pair of nerves, and protecting 
the side of the oj)tic lobes, represents the ‘ alisplienoid’ : tin'- 
next ])ortiou in advance, ])rotecting the sides of tlic eerehral 
hemispheres and perforated by the optic nerve, answers Ifi^tho 
orhitosphenoid : and the cartilage terminates by a ^ ])rofi*ontar part 
whicli is j^erforated by the olfactory nerve, and whieli abuts laterally 
against the ascending or palatine process of the maxlllaiy andi. 

The extension of the lateral cartilages of the craninm forward 
and downward to form the articulation for the lower jaw, is like 


that in tlie Chimiera and batraxdnan larva, fig. GOa, c ; but ossifica- 
tion has co-extended along two tracts, which con- 
descend, one, fig. 41 , 28, from above 
and behind to the outer, the other, ih. 23, from liefore 
to the inner, side of the cartilaginous mandibular 
cinwini iiiiosrin.i wliicli tlicsc boiij platcs Strengthen and snp- 


ui)ptr jfov fjf icpi- port like the backs of a book. The posterior of these 

is the tympanic, the anterior one the ptcrygoi<l, 
which is confluent with the palato-inaxillary bone, the dentigerous 
])art of which extends outward, downward, and backward, fig. 67 , 
21, but docs not reach, as in the Sharks and Hays, the mandibular 
joint. From the upper part of the palato-maxillary a comjircssed 
sharp jirocess, ib. 20, ascends oblhpiely backward, and terminates 


in a ix)int : the inner side of this process is closely attached hy 
llgamont to the fore and ^ou ter part of the frontal portion of the 
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ejiicranial bone, ib. ii ; the outer side of the process is excavated 
foj’ the reception of the outer and anterior process of the super- 
temporal bone. This bonc^ 41, 12 , in connection with the 
ascendinjr process of the maxillary, ib. 20 , forms the upper part 
of the o]*bit, and beliind this connection it sends out the j)ost- 
orbital j)rocess, beyond which it extends backward, freely over- 
hanging the fronto-occipital, and gradtTally decreasing to a point, 
and giving attachment to the anterior end of the great dorso-lateral 
muscles of the trunk. This bone is flat above like a scale, and 
troin its sin)erficial position might be classed with the dermal 
skeleton: the strong temj>oral muscle is t^ttaclied to the two 
suviaces, divided by the ridge on its inferior j)art : it is movable 
up and down ui)on its anterior ligamentous union, Jt rcpreseiits 
the postorbital and supratemporal bones in Canoccplwhi, 

lCa(*h ramus ol‘ the lower jaw is composed of an articular, ib. 29, 
and a dentary, lb. a2, piece, the latter anchylosed together at the 
symphysis, and com])loting the tympaiio-mandihular arch. The 
articular piece is a simple slender jdate, strengthening the outer 
part of tlie articular concavity of the jaw, and closing* the outer 
groove of the dentary, along which it is continued forward to near 
tlic symi)hysis, where it ends in a point. The articular trochlea is 
formed ))y the ])ersistent cartilage. The dentary piece lias tlie 
iiolched and trenchant dentinal plate aucliylosed to it, and sends 
up a strong coronoid })rocess. Serial homology guides in the 
det(‘ruilnation of tlic special one of the part of the upper jaw to 
which the dentary is o|)posed: Behind the tympanic is ilic j)re- 
oiK'rcidar, fig. 41, 34. The ceratohyal, 40, is suspended to the 
])ctrosal cartilage close behind the tympanic pedicle; it joins its 
fellow below without the inter vciitiou of a basihyal : it supports a 
hranchiostegal ray, 37 . 

In the Ganoccpliala the head was connected by ligament, as in 
the Profoptcriy to the vertebral column of the triudv, and chiefly 
l)y the basioccijiital part. The temporal vacuities were more 
completely roofed over by bone, including the postorbital and 
supertemporal ossifications. 

§ 29. Shdl of Batravhia. — In modern members of this order 
the ossification of the skull, like its chondrlfication in Plor/wstomi, 
is simplified, or so continuous as to indicate but obscurely its essen- 
tially segmental character: and this coiidition will be noticed 
before entering upon the description of the complex and instruc- 
tive osteology of the head in the more specially developed aiul 
divergent cold-bloodtid Vertebrates, called ^ bony fishes.’ 

In Batrachia the phigiostomoiis articulation of the head to the 
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trunk by a pair of condyles, fig. V2, <?, is resumed. The cliief stei)s 
ill the developement of the batrachiaii skull will he premised belbrc 
entering upon the various modifications. In the larva of the frog, 
fig. 42, the outer layer of the notochordal capsule expands at the 
fore j)art of that vertebral basis to enclose the brain, and its ai)peu- 
dages, the sense-organs. The cartilage therein developed, fig, (58, 
as the licad expands, forms an occipito-pctrosal mass, fig. 42, 
iG, including laterally the car-capsules ; it bifurcates anteriorly 
into the ‘ s[)henoidal arches,’ which reunite in front of an oblong 
hy|)Opliysial space to form a broad prefronto-voincrino mass. The 
occipito-pctrosal cartilage sends out on each side a thick '^rnasto- 
tympanic’ process, which bifurcates; the division directed for- 
ward and inward fig. 42, is the ^ })terygoid ; ’ that passing 
forward and downw.ard is the ‘ hypotympanic,’ 'Jn the back ])art 
is attached the hyoid cartilage, ib. lo: to the end is attached tin? 
‘ inandihular ’ cartilage, ib. ao, fig. 69 a, also called ‘Meekers 
process,’ The subsorpicnt ossilication begins partly in the carti- 
lage, partly in the persistent notochordal membrane: the first 
may be Ciriled ‘ chondrogenous,’ the second ‘ sclorogenous ’ hones: 
some arc dlsposcil to regard the first only as ‘ cndoskeletal,’ the 
latter as ‘ exoskclctal,’ 


cs 



To the first category belong the neurapophyses of the occiput, 
cxoccipitals, figs. 43 and 68, 2 ; cacli of which dcvciopcs a ^ /yga])ti- 
pliysis ’ or condyle, fig. 73, c, for the atlas, fig, 43, a : 
any pCftrosal ossification upon the ear-cai).siilc is a 
growth from the cxoccipital and from the allsphc- 
noid, il). r»: the expanded disc of the ‘columella’ or 
‘stapes’ is a distinct ossicle, between 2 and 2 “), 
fig. 43 ; as is also the ‘ hypotyinpanic ’ articulation, 
ih. 29, for the mandiWe, ao, a 2 . The mivirapophysos 
of the third segment, ‘ orbitosiihciioid,’ figs. 42 and 
43, 10 , perforated by the optic nerves, are ossified 
in the cartilaginous basis, as are those of llic 
fourth segment (prefrontals), figs. 42, 44, 68, u, perforated by 
th(i olfactory nerves; whilst tliosc of the second segment, ‘ali- 
S})henoids,’ ib. 6, i)erforatcd by tlic trigeminal, longer remain 
gi'lstly. All the chondrogenous elements are thick bones. 

From tlie membranous basis of the skull are developed the 
following bones, which are more or less lainclliform. The hasi- 
oeci|>i(o-sphon()Idal plate, fig. 73, m, forms the base of the skull 
from the condyles to the vomerine cartilage. Tlie mastotym- 
panic, fig. 43, 25 , fitr. 44,^ 8, 25 , fig. 68, 8, extends from the 
mastouf cartilage, where it is broadest, to the outside of the 
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liypotympaiilc, fig, 43, 29 . The parictals, ib., 44 and 68, 7 , and 
afterwards the frontals, ib. ib., 11 , progressively cover tlie Mbii- 


tancllo ’ above, as the basioccipito-sphenuid covers the hypo[)hysial 
vacuity below. An antorbital plate, fig. 72, extends from the 
frontal to the maxillary. The prcniaxillaries, at first bcak-shaT)ed, 


figs. 42, 22 , and 69a, iiy expand ii 
to form its fore-part, fig. 71, 
//; external to the premaxillary 
pedicles begins the ossification of 
tlie tiirbinals. The ^pterygoid 
|)latc,’ fig. 4.3, 24, extends to the 
iimer side of the hy}K)tympanic, 
29 , and forward to the ^ |)alatine ’ 
bone, and the bifid dentigerous 
‘vomorino’ plate, fig. 73, /, 

l^hom the memln*ane covering 


'ansversely' as the nioiith widens 
69 C9*v 



l[yi)'l>r!inrln'!il fraiui.*, skull, Tii'Ji'fli*. (;xxvix. 


^ Meekers cartilage,’ figs. 69 v and 70, //, are exclusively developed 
the mandibular elements, the ^angular,’ lig. 43, an, and ‘dentary,’ 
il). ; 3 >, being the chief; there is also a ^splcnial,’ which in some 
pcjrennibranchiatc Ihitrachia supports teeth. As the mandible, 
lig. 71, (U lengthens, the tympanie, ib. c, shortens and becomes 
more verlleal, and the hyoid arch, ib. n, shifts its attachment to 


the petrosal, close behind, but distinct from, the tympanic. 

Ju the Lepidosiren the ali- and orbito-sphenoids and tlie hypo- 


(vmpanic remain cartilaginous; 

})remaxillaries are represented 
l)y their ascending or laeial 
parts coalesced into a single 
plate, sup])orting the two })rc- 
heusile teeth, 41ie [lostorbito- 
sn|)ertcmporals, fig. 41, 12 , arc 
‘ dermal’ or scleral bones, over- 

I . 1 /• • j 1 Jlyo-branolilal friinio, f?kull, oMor Tuilpole. cxxxi 

la[)piiig the fronto-panetals. 

They are not present in modem Batracliia. 

I n the Axolotl (^Axohtea mannoratns\ the basioccipital is repre- 
sented hy the posterior ])art of the common liruail and flat basi- 
cranial bone. The cxocci[)itals are separated below by this process, 
and above by a cartilaginous representative of the snjieroccipital. 
Each cxoccipital devclopcs a small, almost flattened condyle, 
anterior to which it is perforated by the eighth pair of nerves ; it 
articulates above with the parietal and mastotympanie, and is 
se|)aratcd from the alisphenoid by the large cartilaginous petrosal, 
to which a small •discoid representative of the stapes is itttached. 




88 


ANATOMY OF VERTEBRATES. 


closing the lioniologue of the ^ fenestra ovalis.’ Tlie has’i- 
sphenoidal portion of the basicranial ])late sends out an angular 
process on each side, which supj)orts the alisplienoid. The 
surtaces of the alisphenoid are directed forward and backward, 
instead of iVom side to side, and it constitutes chiefly the anterior 
parictes of the otocrane ; the inner and anterior border is 
notched by the great trigeminal nerve. The parietals are long 
and broad, divided by the sagittal suture, and impressed at the 
])osterior and outer angle by the anterior attacdimcnt of the great 
dorsal trunk-muscles. The masto-tympanic is articulated to this 
part of the ]>arietal and to the exocci])ital ; it includes all the 
divisions ot the pedicle save the lowest, ‘ liypotympanic,’ which 
affords the articulation to the mandihlo. The orl)itos])henoi(ls 
are divided hy an unossified tract of some extent from the ali- 
sjihcnoids, and artuudate above with the extremity of the })ariet.ivl, 
the frontal and prelrontal bones. There are neither paroc(‘i])ital.s 
nor jiostfrontals. The vomerine iK)rtion of the basicranial plate 
is chiefly cartilaginous, Tlie turbinals arc very small, and 
separatccMVom each other by the jimction of the preniaxillaries 
with the froiitals. The bone extending from the frontal to the 
maxillary in front of the orbit may be tenned Santorbltal the 
ossificatioji which extends therefrom, in higher llatrachians, takes 
the situation ot the facial phife of the prefrontal, of tlie nasal, and 
of the lacrynial. The pedicles (Sapophyse montantc,’ Cuvier,) 
of the ])reniaxillarics are long and narrow^ The small maxillary is 
atta(‘lied to the autorbital, to the ])alatine, and to the premaxil- 
lary; the end ol the hone extends freely backward as in the 
Menopome, fig. 43, 21 . The alveolar border ol' both pi-emaxillaries 
and maxillavles su[»j)urts a single row of small ecpial and sharp- 
})oiiitcd denticles, Iwo bones attacdicd to tbc anterior and outer 
part of tlie basicranial bone, and which may he regarded either as 
vonieiijKj or palatal, support each a narroAV rasp-like group of 
minute denticles, which are continued backward npoii the lie- 
ginning of the pterygoids ; the pterygoids continued from these 
bones and from the sides of the basleranial hone expand as they 
extend backward and apjily themselves t(^ the inner side of the 
tympanic |)e(licle. The nasal meatus has Its posterior termination 
betvvcen tlie beginning of the pterygoid and the end of the 
maxillary bones. Ihisides the ordinary row of denticles upon the 
ilentary piece ()f the lower jaw, there is a second shorter series 
upon the s[)lenial piece. 

In the Mtviu)branch( Idterahs^ the occipital condyles 

are transversely oblong, convex vertically, con«ave transversely, 
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developed from the oxocci]>itals, wliicli are separated above and 
below, as in the Axolotl : each exoccipital forms the posterior half of 
the otocraiie, is perforated l)y the nervus vagus, and articulates 
above with the juirietal and inasto-tympanic. The basisphenoid is 
very broad and flat: the alispheuoids bound the fore part of the 
otocranc, transmit the Irigeminal nerve, and abut against the tym- 
panic ])edicle in its course backward td^he mastoid. The parictals 
are divided by the sagittal suture and dcvelopc a small ridge there 
posteriorly ; each parietal sends down a })rocess in front of the ali- 
sjdienoid whi(‘h rests upontlie pterygoid, representing the so-called 
‘ columella’ in Lizards. There are no maxillary lames. The alveolar 
boi’der of the ])remaxillaries, whhdi su])})ort a single row of long 
and slender teeth, ten in number in ea(‘h bone, ternfuiates in a 
])oint jvrojecting freely outward and backward. The voinero-pala- 
tine bones unite together anteriorly, but diverge ])Ostcriorly, where 
th(^y give attachment by their outer margin to the ])terygoids. 

The two foregoing are examples of the Iehthyomor])hs which 
retain the gills, and thence are termed ‘ ])ercnnil)ranchiate.’ The 
]\rcno[)ome, figs. 4:1, 72, and 73, represents a later phase of larval 



life, the gills being absorbed and only the l>rauchial slits re- 
maining. Ill lig. 72, e c arc cxocelpitals, each deYelo|)ing a 
eondyle ; c, c, parictals ; //, (j mastotympanics ; h hypotympanic ; 
frontals, /», antorbitals ; d, </, nasals; w, orbitosphenoid ; 
premaxillaries ; /, inaxillaries ;/, /, pterygoids. In fig. 
is the basloecipito-sjihenoidal ; c, c, cxocelpitals; //, y, 
mastotympanles ; A, A, hyjiotympauics ; fy pterygoids ; /, /, 
Vomers; A, A, premaxillaries. 

In the ^v{yy{Rai}(i) when the mctanior])hosis is complete, the 
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cxoccipltals have coalesced with the suporoccipital above, and with 
the basioccipito-splienoidal plate below ; this latter, fig. 98 A, sends 
out on each side a process to form the floor of the otocraiie, and its 
forward extension is long and narrow : the tympanic developes a 
frame for the large ear-drum, fig. 44, N : tlie stapes, now colu- 
melliform, stretches from that membrane to the foramen of the 
labyrinth. ^Meekers cartilage,’ figs. 69 and 71 , contributes 
nothing to the bony conductor of sonorous vibrations which 
becomes subdivided into a chain of ossicles in Mammalia. The 
hypotympanic, fig. 44, 28 , sends foinvard a process to the end of 
the maxillary, thus articulating, as in the riagiostomes, with both 
uj)per and lower jaws. The essential or neura[)(>physial i)arts of 
the prefrontals encompass the proseuceplialon, and coalesce to 
form a ring of bone, like the exoccipitals : it is the ‘os on 
ceinture’ of Cuvier,' ])art of which appears at the upper surface 
of the cranium, fig. 44, u, betAveen the frontals and antorbitals, 
lb, 15, which here, and still more in the Toad, assume the 
cliaracter of nasnls connate with lacrymals. Between these and 
the ])remaxillarles are the small bony parts of the olfactory sacs, 
usually described as ‘ nasal bones.’ The orbital and temporal, 
fossae form one wi<lo common vacuity on each side the cranium : 
it is divided from the nostril by the junction of the maxillary, 
ib. 2 t, wdtli the naso-Iacrymal bone: the premaxillarles, ib. 22 , 
are small l)ones, with a well-marked facial and buccal portion. 
The palatines, fig. 98 , A, arc transversely exteniled : the divided 
vomer is dentigerous : the pterygoid, ib. 24, sends out tliree rays 
for the sphenoi«lal, tympanic, and |)alato-maxilIary connections re- 
spectively. The mandible is edentulous. The hyoid arcli witli 
its branchial appendages has changed its cojuiections as well as 
-shape. In the ta<lf)ole, with the fully-developed gills, the carti- 
lage representing the >stylo- and cerato-hyals, figs. 69 and 69 a , a, is 
short and thick, and attached to the back of tlic tympanic pedicle, 
ib. c, to the end of wbieh is articulated tlie mandllde, ib. d. Tlic 
ceratohyals are connected below to a median piece, ib. wliich may 
represent botli the basihyal and basibranchial: it directly support s 
tlie hypobrancbials c, c, to which the ceratobranchials, or branchial 
arches are attached. As the gills wither, the stylo-ceratohyals, figs. 
70 and 71, c?, lengthen, attenuate, and accpiirc an independent 
attachment to the petrosal ; the basi- and hyjio-braiichials, fig. 
74, c, c, coalesce into a single cartilaginous plate, with the 
‘ basihyal,’ ib. h\ and tlic ceratoliranchials are reduced to a single 
pair, wliich represent the so-callcd ‘ posterior cornua ’ of the hyoid. 

* cxxXix. tom V. pt. 2, p. 389, pis. xxiv, — xxvii., well illustrate the osteology of 
the Batrachia. 



ANATOMY OF VERTEBRATES. 


91 


Tlic scapular arch, fig. 42 , so, 51, retrogrades, like the hyoid, from 
its primitive position in the larva. 

Cuvier, at the conclusion of his description of the hatracliian skull, 
remarks, This skull docs 
not accord with the theory 
of the three, four, or seven 
vertebra?, or even of one 
(cranial) vertebra, any more 
than it does with that of the 
identity in the number of 
bones ’ (ill different animals). ^ 

At the same time lie de- 
termines the special homo- 
logy of the twenty-six bones, 
exclusive of the inaudible and hyoid apparatus, and assigns to tlicni 
the same names,-- -and as regards the majority, correctly,— wlnt*h 
those bones bear in the rest o( the vertebrate province. We have 
lu'cn led, tlierelbre, to look for some higher law within which that 
of the special conformity may be included. ' 

111 many instances o( trunk-vertebra?, the noiirapophyses meet 
l)L'low, as well as above the neural axis, their bases being extended 
towards eaidi other so as to interjiose between that axis and the 
\erlebral C(?ntrum. iliis condition is rcjieatcd by the cxoccijiitals 
whl(‘li form the neural arcli of tlic cpeucephalon, and cncomjiass it, 
ill Batmchla, giving passage to its chief pair of nerves and de- 
veloping articular processes for the succeeding vertebra. The two 
pairs of iicurapophyses in advance, retain the more ordinary rela- 
tions of those elements, the more expanded incs- and ])ros-eneophala 
having their bony ring or arch completed by a centrum below and 
a spine above. One neura[K)physis (alisphenoid) transmits the 
trigeminal nerve, the other (orbitosphenoid) the optic nerve : the 
hmrtli or anterior neural arch (Sxs en ceinture’ and ‘ ethmoide’ 
of Cuvier) encompasses the foremost segment of the brain 
the cxoccipitals do the’ hindmost; and they give passage 
to the olfactory nerves. Ossification of this ring of hone begins 
its lateral halves : the essential relations and functions being 
those which characterise the bones wliich in bony fishes will bo 
^ escribed as ^ prefront als.’ Beneath, and supporting them, is a 
pair of l)ones which may be regarded as a mesially divided 
‘ ticntrum ’ (vomer) : and above is a pair of bones which may be 

’ cxxxix. ‘Co crane nc s’accorde pas i>lus avee la tlidorie des trois, dcs quatre, on 

vertc4)ro, (lu’avo# cello do ridemitd do 
iiombrc dcs os,’ vol. v. {)t. ii. p. 391. • 
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regarded as a mesially divided neural spine (nasal). Thus may be 
discerned lour cranial segments having the esscjiitial characters and 
relations of the neural arcli of the type vertebra. The uj)per, 22 , 
and lower, 30, jaws, the hyoid, 40 , and scapulocoracoid, 5o-‘52, fig. 42, 
constitute four inverted arches; but their vertebral relations will 
be better understood in the coni])ositioii of the skull in bony fishes, 
§ 30. Skull of (),^scom Fishes , — The head is larger in proportion 
to the trunk in fishes than in other vertebrate classes ; it is usually 
in form of a cone, figs. 34, 38, wliose base is vertical, directed back- 
ward, and joined at once to the trunk, and whose sides arc tlirce in 
number, one superior, and two lateral and inferior. Tlic cone is 
sliorter or longer, more or less compressed or S({ueezed from side 
to side, inoi-e or less depressed or flattened from above downward, 
with a sharj)er or l)Iunter apex, in difierent species. The base of 
tlie skull is ])erforated l)y tlic hole, called ‘ foramen magnum,’ for 
the exit of the spinal marrow ; the apex is more or less widely and 
deeply cleft transversely l)y the aperture of the mouth ; the cye- 
soekets or ‘orbits,’ il). 17, are lateral, large, and usually with a 
free and wide intereommunleation in the skeleton ; the two 
vertical fissures behind arc called ‘gill-slits,’ or binnehial or ojier- 
cular apertures ; and there is a mechanism like a door, ib., 35 , ar., 
.‘37, for opening and closing them. The mouth receives not only 
the food, but also the streams of water for res])iration, which 
escape by the gill-slits. The head contains not oidy the brain and 
organs of sense, but likewise the heart and breathing organs. 
The inferior or ‘ Incinar arches are greatly developed acciudingly, 
and their diverging apjiendagcs support membranes that can act 
ui)on the surrounding fluid, and are more or less emjdoyed in 
locomotion : one pair of these appendages, ib. r, 55 , oo, answers, 
in fact, to the fore-limbs in higher animals ; and their sustaining 
arch, ib. 51 , 52 , in many fislies, also supports the homologiics (>f 
the hind-limbs, v, 70 . Thus bruin and sense-organs, jaws and 
tongue, heart and gills, arms and legs, may all Inching to the head; 
and the disproportionate size of the skull, and its firm attachmeiit 
to the trunk, re(|uired by these functions, are precisely the 
conditions most favourahhi for facilitating the course of tlie fish 
through its native clement. 

It may well be conceived, then, that more hones enter into the 
formation of the skull in fishes than in any other animals ; and the 
comj>osition of this skidl has been riglitly deemed the most 
difficult }>roblcni in Comi)Mrativc Anatomy. ‘ It is truly remark- 
able,’ writes tJie gifted Oken, to whom we ow^e the first .clue to its 
solutimb ' what it costs to solve any one prol)lc\n in l'hiIosoi)hical 
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Anatomy. AVitliout knowing the what, the how, and the wh/, 
one may stand, not for hours or days, but weeks, before a fish’s 
skull, and our contemplation aviU be little more than a vacant 
stare at its complex stalactitic form.’ 

I’o show irhat the bones are that enter into the composition of 
the skull of tlie fish ; how, or according to what law, they are there 
arranged; and yr//y, or to what end, ^ey are modified, so as to 
(IcA iate from that law or archetype, will next be our aim. Tlicse 
points, rightly understood, yield the key to the composition of the 
skull in all vortebrata, and they cannot be omitted without detri- 
ment to the main end ot the most elementary essay on the 
skeletons of animals, ''fhe compreliension of the description will 
be facilitated by reference to figs. 75—85; and still more if the 
reader have at hand the skull of any large fish. 

In tlie V.{A{G(uh(s luorrhua, L. fig. 75), e. g., it may l)e observed, 
in the first place, that most of the bones are, more or less, like 


iO 



large scales; have what, in anatomy, is called the ^ scpiamous' cha- 
racter and mode of union, being flattened, thinned olf at the edge, 
and overlapping one another; and one sees that, though the skull, 
as a whole, has less freedom of movement on the trunk, more of 
the comjionent bones enjoy independent movements, llcfore we 
proceed to jnill apart the bones, it may l)e well to remark, that the 
l>rincipal cavities, formed by their eoa^laptation, arc the ‘ cranium,’ 
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lod{]riiig the brain and the organs of hearing; the ‘orbital,’ and ‘ nasal’ 
cliambers ; the ‘ biiceal ’ and ‘ branchial ’ canals. Some of tliese 
cavities are not well defined. The exterior of the skull is traversed 
by five longitudinal crests, intercepting four channels which lodge 
the beginnings of the great muscles of the upper half of the trunk. 
The median crest is dcvelo])ed from the superoccipital, figs. 75, 76, a, 
and sometimes also from the frontal, fig. 75, ii ; the lateral crest is 
formed by the parietal, fig. 76, 7 , and j)aroccI])ltal, ib. 4 : the 

external crest by tlu> postfrontal, ib. 12 , 
and mastoid, ib. 8. The lower border 



Upl-irr fiui-fai't; of cifniiiiin, Ivrch 
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of the orbit, fig. 75, //, //, projects freely 
downward. I'lie hind border of the 
operculum is produced into si)Iiies in 
some species, fig. 82, 

In the analysis of the fish’s skull 
it is best to begin at the l)ack part ; 
for the segments of the skeleton de- 
viate most from the archetype as they 
recede in position toward the two ex- 
tremes of the body. ATter a litth* 
])ractice one snc(*ecds in detiudiing tiie 
l)oncs whieli form the baek ]>art or 
base of the conical skull, and wliich 
immediately precede and join thos(} of 
the trunk; we tliiis obtain a ‘segment’ 
or ‘vertebra’ of ilie skull. If we 
next ])roceed to se])aratc a little the 
bones com})osing ibis segment, we 
find those that Avere most closely in- 
terlocked to be in number and ar- 


rangement as follows: — Two single and symmetrical bones, 
and two pains of unsymmetrical bones, forming a circle; or, if 
the loAver symmetrical bone, wliicdi Is the largest, be regarded as 
the base, the other five fiirm an arch supported by it, of which 
tlie upper symmetrical l)onc is the key-stone, fig. 77. This 
answers^ to the ‘ neural ’ arch of the typi('al vertebra : the basc- 
boncis the ‘centrum,’ 1 ; the pair of bones, whicli articulated Avitli 
its upper surface and jirotcctcd the hind division of the brain, 
form the ‘nenrapophyscs,’ 2 ; the smaller pair of bones, projecting 
outward, like transverse processes, are the ‘dia])ophyses,’4; the 
symmetrical bone completing the arch, and terminating above in a 
long crest or spine, is tlic ‘ neural spine,’ a. It Avill be observed 
that the centrum is concave that surface which articulates Avlth 
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tJic centrum of the first vci’tcbra of the trunk : the opposite 
surface is also concave, but expanded and very irregular, in order 
to effect a much firmer union with the centrum of the next cranial 
segment in advance — great strength and 
fixity being required in this part of the 
skeleton, instead of the mobility and elas- 
ticity which is needed in the v^er^bi’al 
^column of the trunk. It may be also 
ohserved that the ‘ neiirapophyscs ’ are per- 
forated, like most of those in the ti unk, 
for tlie passage of nerves ; that the diajM)- 
physes give attachment to the bones which 
form the great inferior or lucmal arcli ; and 
lliat the neural s])iue retains mucli of the 
shape of the parts so called in the trunk. 

Nevertheless, the elements of the neural 
arch of this hinduK^st segment of the skull 
liave undergone so mucli devciopement and modification of shajii*, 
that they have recenved special names, and liavc been enumerated 
as so many distinct and particular bones. "J'he centnim, i, is 
called ‘ basioccijntal ; ’ the neurapophyses, 2, ‘ exo(a*i])ita 1 s ; ’ the 
neural spine, a, ^ superoccipital ; ’ the diapopliyses, 4 , ^ parocci- 
pitals.’ In the human skeleton all those parts are blended together 
into a mass, which is calle<l the ‘occipital bone.’ In Philosophical 
*Anatoiny it is tln^ ‘ (^]Kmcephalic arch,’ because it snrromKls the 
hindmost segment of the brain called ‘ C[)eneephalon.’ . 

The entire segment, here disarticulated, is called the ‘oeeljutal 
vertebra,’ and in it AV(i have next to notice the widely-expanded 
inferior or hannal arch, dig. 81, 60 , Ji, This consists of three 
pairs of hones. The first ])air are bifurcate, and Ikin e two points 
of attachment to tlic neural arch, the lower prong, answering to 
Avhat is called the ‘ liead of the rib,’ abutting ujion the neura- 
pophysis ; the upper prong, answering to the ‘ tuhcrcle of tlio 
ril),’ articulating to the diapophysis. The second pair of bones 
are long and slender, and represent the body of the rih. The 
first and second ])iece together answer to the element called 
‘^plcurapopliysis;’ the third pair of bones are the ‘ luemapophyscs ; ’ 
these support diverging apjicudagcs consisting of many bones 
and rays. The special names of the above elements of the 
ha'inal arch of the occijiital vertebra arc, from above downwards, 
‘ ‘Sujn-ascapula,’ 50 ; ‘ scapula,’ 51 ; ‘ coracoid,’ 52. The inverted arch, 
Sio lorined, encompasses, supports, and protects tlie heart or centi-e 
the lucmal system ; it is called tjie ‘ scapular arcli.’ Tlierc 
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arc cokl-bloodcd animals — the gymnotliorax and vcslow-vvorm, 
0. g. — in which this arch supports no fip[)endage; there arc others 
— Lepidosireu and lh*otoptcrns, fig. 41, r>2 — in wliich it supports 
an ajjpendage in tlie form of a single inany-joiiitcd ray, ih. 57. 
In other fishes, tlie numl)er of rays progressively increase, until, 
in those called ‘rays’ /v/'/r cmY/cwcc, fig. 04, they cx(*ced a hundred 
in numl)cr, and are of great length, forming tlie chief and most 
conspicuous ])arts of the fish. Tlie nmre common condition of 
the appendage in cpicstion is that exhibited in tlie Cod, Jig. 34, 
So dcvclo])ed, it is called in Ichthyology the ‘ pectoral fiji,’ ib. v : 
otlierwise and variously modified in higher animals, the same part 
becomes a Jbrc-Jeg, a wing, an arm and hand. 

l^roceeding to tlie next segment, in advanee, in the Cod-fisli’s 
skull, we find, that the bone wliieh articulated witii the centrum 
of the occipital s(\irincnt is continuotl forward beneath a great pro- 
])ortioii of tlie skidl. In quadrupeds, however, the (‘orres})onding 
part of the liase of tlie skull is occupied by two bones; and if the 
single long hone in the fish be sawn across at the part wliere tin? 
natural suture exists in the beast, we have then little difficulty in 
dlsnrticuhitlng and bringing aw'ay with it a series of lioncs similar 
in number and arrangement to those of the occi]>ital segment. 

In the skeletons of most animals the centrums of two or more 
segments become, in certain parts of the body, eonllueut, or they 
may be coimato; they form, in fact, one bone, like that, c. g., 
which human anatomists call ‘sacrum.’ By the term ‘couilucut’ 
is meant the colicsiou or blending together of two bones which 
were originally separate; hy ‘connate,’ that the ossification of 
tlie conniion fibrous or cartilaginous bases of two bones proceeds 
from one jioint or centre, and so converts such bases into one 
Ixinc: this is the case, e. g., in the radius and ulna of tlie frog, 
and ill Its tibia and filiula. In both instances they are to the eye 
a single bone ; but the mind, transcending the sensc,s, recognises 
such single bone as being essentially two. In like manner it 
recognises the ‘ occipital bone ’ of imin as essentially four bones ; 
Imt these have become ‘ confluent,’ and Avere not ‘ connate.’ The 
centrums of the two middle segments of the fish’s skull arc con- 
nate, and the little violence above recommended is requisite to 
detach the penultimate segment of the skull. When detached, 
the bones of it arc seen to be so arranged as to form a neural and 
a luemal ardi. In the neural arch, fig. 78, the centrum, neura- 
poplvyses, dlapofiliyses, and neural ►spine are distinct: moreover, 
the neural sjiine in the C^od, and many other fishes, is bifid, or 
split at the medianJine. Theceiilrum is called ‘ basiphenoid,’ 5; 
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the iiciirapophysis, ‘ ali^sphenoid,’ 6 ; tlic neural spine, ‘ parietal,- 
7 ; and the diapophysis, ‘ mastoid,’ 8. The alisphenoids protect 
the sides of the o})tic lobes, and the 
rest of the penultimate segment of 
the Irraln called ‘mesencephalon;’ 
the mastoids project outward and 
l>ackward as strong transverse pro- 
cesses, ami give attachment to the 
]>ii*rs of the great inverted hiernal 
arch. Befoi’e noticing its struc- 
ture, I may remark that, in the 
recent C^)d-fish, the case, ])artly 

ti'ristlv, partly bony, Avliich contains nuTrinn.ih*.! iu.>. n.-. i, iini». \i( uva 

\*1 • • II fi'iMt] hc'liijitl : i Monhin/. rnh/iiri.') 

the organ ol liearing, is wodgiMl 

Ix^tween the last and pemdtimate neural arches ' the skull. 
The extent to whi(di the ear-case is ossified vat in ditferent 
fishes, but the bone is always develojied in the outer-wall ol* the 
case. Jn the (Vxl it is unusually large, and is called ‘ jictrosal,’ 
fig. SI, u; ; in the I^erch, fig. 84, lo, and Car]), fig, it is 

sinalhu': it forms no part of the segmented mniroskeleton. In the 
acouslie organ which it contributes to enclose, there is a body as 
hill’d as shell, like half a split almond: it is the ‘otolite,’ fig. 
81, 10. 

The Inemal arch consists of a plenrapophysis and ii liaMiiapo- 
])hysis on each side, and a hicmal s})ine ; the |)leuraj)o])bysis is in 
two parts, tlie iijtpor one called ‘ styloliyal,’ lb. as; tbe lower one 
called ‘ epihyal,' ib. 30 ; the luemajioplivsis is called ‘ ceratoliyal,* 
ih. 40 . Th(» bicmal spine is subdivided into four stumpy bones, 
called colha'tively ‘basiliyal,' ib. 4i ; and wliieh, in most fishes, 
!>np])ort a ])one directed forward, entering the substance of the 
tongue, called \glossohyal,’ ib, 42; and another bone directed 
hack ward, called ‘ nrohyal,’ ib. 43. 

I he <*eratohyal ]>artof the hannapophysis snjiports an ajtpendage, 
or riulimental limb, called ‘ liranehiostegal,’ fig. 81, 44, answering 
to tlic pectoral fin diverging from the liaanal arch, in the adjoining 
occipital segment. 

fhc iiennltirnate segment of the skull altove described is calletl 
file ‘parietal vertebra;’ the neural arch is calletl ‘ mcsonce])lialic ; ' 
JOid the luemal arch is called ‘ hyoidean ’ in reference to its suj)' 
porting and subserving the movements of the tongue. 

1 he next segment, or the secoml of the sktdl, coiinting back- 
'vard, can be detached from the foremost segment without dividing 
‘illy bone. It is tljen seen to consist, like the third and fonrtii 

i OJj, I. jr 
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segments, of two arclies and a common centre ; but the consti- 
tuent bones liavo been subject to more extreme modiricatlons. 
The centrum, called ‘ jiresplienoid,’ fig. 79, o, 5s produced lar 
forward, slightly expanding; the neurapopliyses, called ^orbito- 

s[)henoids,’ lb. m, are small semi- 
oval ] dates, ])rotcctlng the sides of 
the cerobnim ; the neural spine, or 
key-bone of the arch, called ^ frontal,’ 
il). 11 , is enormously expanded, but 
in the Cod is single ; the diapophyses, 
called ^ post-fnudals,’ ih. 1 ‘j, project 
outward from the hinder angles of 
the frontal, and give attachment to 
the piers of tlu? inv(‘rted hiemal arch. 
The first hone ol* this arch is com- 
mon in Fishes to it and to that of tlie 
last described vertebra, being the 
bone called " epit ympanic,’ fig. 81, 25 ; 
this modification is called for by the 
ne(*cssity of consentaneous move- 
ments of tlie two inverted arches, in 
(amnectiori with the deglutition and (*onrse of the stretims of 
water required for tlie hrnnclilal resjiiration. The hixMiial arch 
of the ]jr(‘scnt segment — enormously developed — is plainly 
divided primarily on each side into a |)lenra]>o|)hysis and Ineina- 
po|)hysis; for these elements are joined together by a movable 
articulation, whilst the bones into which tlnyy are snlidividcd 
are siitvirally interlocked together. The pleurapo])liysis is so 
subdivided into four jneces; the upper oms artleiilating with 
the postfrontal and mastoiil — the diapo[>hyses of the two middle 
segments of the skidl — is called ‘ cpitympanic,’ ib. 25 ; the hind- 
most of the two middle ]>ieces is the ^ mcsotymiianic,’ ih. 26: the 
foremost of the two middle pieces is the ^ prctyinpanic,’ ih. 27 ; 
the lower jiiece is the hyjK)tym|)anic, ih. 28 ; this presents a joint- 
surface, corn ex in one way, concave in the other, called a ‘ gingly- 
inold condyle,’ for the ha?mapoi»hysis, or lower division of the 
arch. In most air-breathing vertebrates — the Serpent, fig. 97, 
e.g. — the pleura pophysis resumes its normal simplicity, and is a 
single hone, 28 , Avhich is called the ‘ tympanic in the eel-tribe, as 
In the Batraehia, figs. 43, 72, ir/, A, it is in two pieces. The greater 
subdivision, in more actively breathing Fislies, of the tympanic 
pedicle, gives it additional elasticity, and by their overla])ping, 
interlftcking junctioil, greater resistance against fracture; and 
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these qualities seem to have heen rcquii'ed in consequence of tlie 
presence of a complex and largely developed diyerging aj)|)endage, 
which forms the framework of the ])rlnci|)al flap or door, (‘ailed 
‘operculum,’ tigs. 81,84,.‘',4 37, that opens and closes the hranclual 
tissures on each side. The appendage in ([uestion consists otMVmr 
bones; the one articulated to the tympanic pedicle is calhid ‘ pre- 
o])(*rcuIar/ ih, at; the other three are;"^M)nnting downward, the 
^o])cr(Milar,’ ih. 35 ; the ^ subopercular,’ ib. 36 ; the interopercular,’ 
ib. 37 . Tlie hannajiophysLs is subdivided into two, three, or more 
])icccs, in ditferent fishes, suturally interlocked together; the most 
coninion division is into two vSu))C([ual parts, one presenting the 
j^conc.avo-convex joint to the ]>lcnra])ophysis, and called ‘ artimilar,’ 
ib. - 29 ; the other, bifurcated behind to re<,^eive the ])oint of 29 , and 
joining its fellow at the O])])osite end, to (‘omplete the hannal arch : 
it su])ports a number of* the hard bodies called ‘ teeth/ and hence 
it has been termed the ‘ deutary,' ib. 32 . In the Cod there is a 
small sejianite bone, lielow the joint of the arti(?nlar, forming an 
angle there, and (lalled the ^angular piece,’ fig. 7o, 30, 

In consequence of this extreme modili(:‘ation, in rohithm to tlui 
olUci's of seizing and acting upon the food, the ])air of hicma- 
])uphyscs of the jircsent s(‘gment of* the skull have jveeived the 
name of ‘lower jaw,’ or ‘mandilile’ {inandihula). The Ineinal 
a»-ch is, heu(‘e, (‘alh.'d ‘ mmidibular the neural arch ‘ prosen- 
ce|>hali(*:’ tlu* entire segment is called the ‘ frontal vcrtelira.’ 

Idle first segment, forming the anterior extremity of the neuro- 
skedoton, like most pcrijihoral parts, is that which has undergone 
lh(* most (‘xtreme modifications. The 
ohvions arrangement, ucvcrthclcss, ol‘ its 
constitnciit bones, when viewed from be- 
hind, after its detachment from tlie second 
segment, affords one ol* the most conclu- 
sive [iroofs of the principle of adherence 
to common type which governs all the 
segments of the ncii roskehd on, whatever 
elfices they may lie modified to fulfil. 

I'he neural arch, lig. 80, is plainly nuini- 
hslcd, blit is now rcdiiccHl to its essential elements — viz., tbo 
oentrum, the lumrapopliyses, and the neural spine. The eentrnm 
js expanded anteriorly, where it usually supjHirts sonuj teeth on 
ifs under snrfiicc in fishes; it is called the ‘ vomer,’ ib. 13. The 
^'»oura[)ophyscs arc notched (in the Cod), or perforated (in the 
‘ i^vvord-fish), by the crura or ])roloiigations of the brain, \\diicli 
^‘X])aiKl into its anterior division, called rliineueei>haloii, or 


so 
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^olfactory lores’; tho sj)cclsil name of such iiciirapoj^hysls is ^ pre- 
frontal/ *il). 14 . The neural sj)inc is nsiiall y single, soinetlines 
cleft along tlie middle; it is the ‘ nasal/ ih. is. 

The Inemal arcli, lig. 81, 2o IT, is drawn forward, so that its 
apex, as well as its piers, are joined to tlie eentriun (vomer), and 
usuaily also to the neural spine (nasal), closing up anteriorly the 
neural canal. The pleiirapophyses are simple, short, sending 
backward an expanded jdate; they are called ‘palatines, ih. and 
iig. 84, ‘ja. 'I'be hannaj)Ophyses are sim])le, and their essential 
part, intervening between the |)leura])opliysis and hiemal spine, is 

SI. 



short and lliiek ; i)ut they send a long jn’oeess l)aekward; tins 
element is called Mnaxillarv,’ ib. 21 . The lucmal spine, cleft 
at the middle line, sends one ])roeess iipwanl of varying length 
in different fislies, and a second downward and backward, and 
its linden* surf'aci* is beset with teeth in most fish(‘,s: it is called 
‘ jU'emaxiliary,’ ib, J^aeh plenrapo[)liysIs supports a ‘ diverg- 
ing a|jp(*n<lag(j/ consisting coiiiinonly of two bones: the outer 
one, wliitdi fixes tluj |)res<*nt hiemal arch to the siieeeeding one, 
is called ^pterygoid/ figs. 75, 81, 24; the Inner one is the Smto- 
j)lerygoid/ ib. 2 s. The. entire segment is called the ‘ nasal veriehra ; 
its neural arch is the ‘ rhineiiec[ihalic its hannal arch, forming 
what is termed the iip|>er jaw is called the ‘maxillary' 

areh and appendages. 

On reviewing the arrangement of the bones of the foregomg 
segny:mts, one cannot hut lx; struck by the .strength ol’ tin; arches 
whicli jirotect and eneompas.^ the brain, and by the efficiency of* that 
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MiTanjremont which provides such an arch for each primary divi- 
sion of the brain ; and a sentinient of admiration naturally arises 
on examining the firm iriterlockirig of tlie extended siitiii*al sur- 
fa(M*s, and csi)ec*ially of those uniting the ju^ojavr elements of tli(‘ 
arch with the l>uttresses wedged in between the [)iers and key- 
stone, and to which buttresses (dlapo])liyses) tire larger luemal 
arches are suspended. ^ 

In addition to the ])arts of the ncuroskeleton, the bones of the 
head include the ossified part of the ear-capsule, ^ jietrosal,’ fig. 
81 , 10, already mentioned; an ossified })art of the eye-caj>su]e, 
commonly In two pieces, ^ sclerotals,’ ib. 17; and an ossified ])art 
of the capsule of the organ of smell, ‘turbinal,’ ib. 19. yVnother 
assemblage of splanchn(»skeletal bones snj)|>ort the gills, and are 
in the form of slerider bony hoops, <*alled ‘ branchial arches,’ 
fig. Ho, 4S, 49. Tliey are |)artly suj>portt‘d by the hyoidean arch. 
Amongst the bones o(‘ the muco-dermal system, may be noticed 
those that cireumscribe the lower ])art of the orhit, fig. 75 , //, // ; 
of which the anterioi', ib. 73, is jiretty constant in the vertebrate 
si‘ries, and is called ‘ lacryinal.’ In fishes tliey are calletj ‘ suboi*- 
bitnls,’ and arc O(‘casionally present in great numbers, as, e. g., in 
the Tunny, or d('velo))ed to (niormous si/.i? as in the (Jurnanl, 
fig. 82 , and atlled fishes, thciiee ealkMl ‘ mail-elieeked.’ A similar 



series of bones called ‘ sujicr temporals ’ sometimes overarches (he 
temporal fossa. 

At the outset of the study of Osteology it is essential to know 
Yvell the numerous bones in the head of a fish, and to fix in the 
memory their arrangement and names.* The hitter, as wp Jiave 
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seen, are of two kinds, as regards the Irenes of the noiiroskeleton : 
tlie one kind is ^general,’ indicative of the relation of the skull- 
hones to the tyifieal segment, and wlilch names they bear in 
common witli the same elements in tlie segments of the trunk; 
the otlier kind is ‘special,’ and hesfowed on account of the ])ar- 
ticular develoixMnent and shape ol‘ such (dements, as they are 
modified in the liead for paiiieidar fiiru^tiojis. A great pro|)ortion 
of the bones in the head of a tisli exist in a very similar state of 
(‘onneetion arnl arrangement in the heads ot* other vertebrates, \\\\ 
to and including man himself. No method (*ould be less con- 
ducive to a true and phih»so])hical comprehension of the vertebrate 
skeleton tlian the beginning its study in man — the most modified 
of all vertebrate forms, and that which recedes furthest from the 
common ])atl(Mai, Tlirongh an inevitable ignorance of that pattern, 
the bones in Anthropotomy arc indieat(‘d only by special names 
more or less i*elating to the partiindar forms tbcj^e Imnes ba|»|)en 
to bear in man; sncli names, wlum ap|)lied to tbe tallying bones 
in lower animals, losing that significance, and l)e(*oming arbitrary 
signs. Owing to tlie frouncnt modification by confluence of tbe 
liinnan Ijones, collc(:tions of them, so nnitt'd, bave reeeivixl a 
single nann^, as, e. g. ‘occipital,’ ‘ tcnnjioral,’ &e. ; whilst their 
eoiistitnents, wliieli are nsnally distinct verti'bral elenumts, havc^ 
received no nainc^s, or are defined as )>rocesses, e. g. ‘ condyloid 
process of the oceipitJil hone,’ ‘ styloid jiroeess of the temporal 
])one,’ ‘ petrous portion of the temporal hom*,’ S^c. The classifi- 
cation, moreover, of the bones of the head in Iluinan Anatomy, 
viz. into those of the cranium and those of the face, is artificial or 
special, and conserjiienlly deled ive. Many bones which essimtially 
belong to tlic skull are wliolly omitted in such classifKaxlion. 

In regard to the archetype skeleton, fishes, wliich were the, first- 
forms of vertebrate life introdnccMl into this jfianet, deviate the 
least theref rom ; and aciToi’ding to tlie foregoing analysis of the 
bones ot Iluihead, it follows that sueli bones are jirimarily dlvisibhi 
into tliose of — 

Tbe Neuroskeleton ; 

The Splanchiioskeleton ; 

The D(irmoskeleton. 

1 he neuroskeletal hones are arranged in four segments, called 

Thii Occipital vertebra; 

The Parietal vert(?bra ; 

The r rontal vevtcbi-a ; 

^ The /Nasal vertebra. 
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J^ach scgmoiit consists of a Mieural’ and a ‘lueinar arch. 
(Fig. 81 , N, II.) The neural arches arc — 

N I. l^pencephalic arcli (bones Xos. i, 2, 3 , 4); 

N IT. Mesencephalic arch (5, f>, 7, s); 

N 111 . Proscncephalic arch (o, 10, ii, 12); 

N TV. Khinence])hjilic arch (13, 14 , 15). 

Tlie liieinal arches are — 

II I. Scapular arch (no -52) ; 

II II. Ilyoklcan arch (38 43); 

II III. Mandibular arch (28 32) ; 

II IV. Maxillary arch (20-22). 


I'lic diverging a|)pcndages of the hannal arclies are — 

1 . The Pectoral (54-57); 

2 . The Branchiostegal (44) ; 

Jh The Opercular (34-37) ; 

4 . The Pterygoid (23-24). 

The hones or pans of the splanchnoskeletoii wliich are intc^r- 
ealatcd with or atlachod to the arclics of tlie true vertebral 
segments, are- - 

The Petrosal (ifi) or ear-eapsnle, with the otolite, lo"; 

The Sclerotal (17) or eye-ca[).siile ; 

The Turbinal (10) or nose-eapsnlc ; 

The Th’anchial arches (15 49); 

The Teeth. 

Tlie bones of the derinoskeleton are — 

The Snjirateinporals (74); 

The l^istorbitals (72); 

The Superorbitals ("i); 

The Suhorbitals (73); 

The Labials (75), and others which will be pointed out in 
certain ganoid fishes. 

Such appears to be the natural classification of the parts which 
constitute the complex skull of Osseous Fishes. , 
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The term ^cranium’ might well be applied to the four neural 
arches collectively, fig?. 76, 8:1; but w^onld exclude some bones 
called ‘cranial,’ and include some called ‘facial,’ in Human 
iVnatomy. In a side view of the naturally connected bones o1 
those arches, such as is shown in tlie Carj), fig. 83, the upper 
part of the cranium is formed by the neural spines called super- 
occipital .*3, parietal 7, frontal n, and nasal 15; the lower j>art 
by the centrums called l>asiocclpital i, basisphenoid 5, presplic- 
noid 9, and vomer la: the side-walls by the neurapophyses called 
oxocci]>ital 2, alisphcnoid 6, orbltosphenoid to, and prefrontal 14. 
Hetween 2 and o is intercalated tlie petrosal ifi: hetween the 
f()re part of 9 and to is the ‘interorbital is,' which is an inconstant 
ossification in fishes. The outstanding or transverse processes 
are the paroccipital 4, tlie mastoid 8, and the jiostfrontal 12. 
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In the (hirp the parietals meet and unite upon the vertex l)y a 
‘ sagittal’ suture: in most osseous fishes, as in the Cod and Perch, 
figs. 76, 77, they are s<!parated by the junction of the superocci- 
pital, 3 , with the very large froiitals, 11 , n. At the base of the 
skidl may be S(Mm, in the Perch, fig. 84, the hasioccipital 1 , the 
articular processes of the exoccipitals 2 , and the spine-shaped end 
of the 8ii[)erocci|»ital 3 . The |>aroecipital 4 , is sejiarated below 
from the exoccijVital hy the petrosal 16 . The basi-jn-esphenoid, .5 
and 9 , carries fin'ward tlie bodies of the vertehrai to the vomer 13, 
which is expanded and dentigerous anteriorly, as the bodies of 
the ccrvieal vciTebra*. support teeth in the Dairoc/mi (p. 57). The 
alisphenoids 0 , the orl)itosj)henoids 10 , and the prefrontals 14 , are 
attached to the sides of the basal elements; more externally are 
seen the frontid ii, postfj-ontal 12 , mastoid 8, and j)aroccipital 4. 
On the left side arc shewn the palatine 20 , the entopterygoid 
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23, and external to It the pterygoid abutting uj)on the hy])otym- 
])anic, 28 (1: betsveen this and tlie e])ltyinpanic, 28 , are the 
incpotyinpanic, 38, and tlie pretynipanic h. The prcoperenlar, .ji, 
runs parallel with, strengthens, and conneets together the divisions 
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of ilir skull wir!i h-fi >i(lc uf Tn.'iii«ljlnil;ir :in li ;in<:l iis t)]i(.'iTnI;iv ai'ifiul.-iL'O, I’rivli i/'i .fVf 

of the tyinpanle [)edi(*lc; it supports tlie opercular, 35 , the sub- 
opercular, 36, and tlie intero|)ereular, 37 . In the mandibular 
ramus the articular is marked 29 , and the dentary 32 , The free 
end of the maxillary is seen at 21 . 

Ill fig. 85 the maxillary and mandibular arches and appendages 
are removed, the stylohyal, 38, having been detaclied from the 
0])ity 111 panic. It resumes its normal attai’hment to its segment 
when the special hraiichial apparatus becomes abrogated, as in 
the advanced batrachian, fig. 71, in which we saw the change of 
position, as contrasted with the earlier piscine condition of the 
larva, fig. 69 A. Jn the complex antf ossified hyoidean/arch of 
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fishes we find, after the stylohyal 33 , the cpihyal 39 , the cerato- 
hyal 40, and basihyal 4i ; to which may be articulated a glosso- 
hyal 42, and a urohyal 43 : this is a lai-gc compressed lamclli- 
forin bone in the l\n*ch. Seven branchiostogal rays, 44 , are 
articulated to the epi- and cerato-hyals. bour brancbial arches 
arc attached to tlie base of the cranium. The first consists of the 
ceratobraiichial, 47 , and (']>il)ran(‘liial, 48, elements : l)oth of which 
su|>port a series of ])r(.»ccsses, 63, directed towards the cavity of 
the mouth and defending the entry to the branchial fissures. The 
second and third arches are connected above l)y the pharyngo- 
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branchial elements, 49 , to the cranium; and these elements usnally 
support teeth. The gills arc attacbed to grooves on the outer 
side of tbe cpl- and corato4>ranclnals ; the arches being closed 
below by the ‘ basi1)rancliials’ which arc attacbed to the hyoid, 
llie suprascapula, r>o, is attacbed by its lower branch to the basl- 
occipital, and by its upper one to the parocci[)Ital, 4. The 
scapula, 51, supports the coracoid, 52 , to which the clavicle, 68, is 
attached, the relative j)Osition of wbicli to the coracoid becomes 
changed as the scapular ^iich Is detached froiu its natural con- 
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iicotion Jiiul displaced backward. The Immcral segment of tlic 
fore liinb is rarely developed in fishes ; the radius, 54, and ulna, 55 , 
are diretitly articulated with the coracoid, and are commonly much 
more broad than long. 

Home of the special characters and modifications of the bones 
of thediead will next he briefly noticed. 

Tlie articular cup for the atlas vai^s from the dcM'p conical 
excavation seen, fig. 77, 1 , in the Cod, to the almost flat surface 
in tlic Halibut; it is rare to find, as in the Pipe-fish {Flstulari(i), 
tlic basioccipital |)rescnting a convex surface for articulation with 
the body of the atlas; or to find this centrum confluent with the 
basioccipital, as in Polyptcnn;. In maiiy fishes tlie under ])art 
of* the basioccipital is expanded and excavated; in the Car[), 
the under jiart is ])rodiiced Into a broad triangular plate, fig. 8.‘J, 1 , 
Avhicdi sup|)orts the large U])j)cr pharyngeal grinding tooth ; in 
the ganoid Lcj)Idosteus, tlic basioccipital develo])CS two plates 
from its upper and outer angles, which complete the foraiueu 
magnum and support the cxoccipitals above. The cxoccipltals, 
fig. 77, 2 , are ])erfurate(l for the passage of tlui nervi v;\gi, some- 
liiiK's for the first spinal or hypoglossal nerve; tlie foramina l)eing 
unusually large in the Carp tribe, fig. 88, 2 , where they rclati* 
also to the coimecjtion (d'thc air-bladder with the organ of hearing, 
by means of tlic ossicles, />, c, and c. 

In some fishes, e.g. Perva^ fig. 84, 2, the cxoccipitals send 
backward arti(!iilar processes modified to allow a slight move- 
ment npoji the anten’ior articular processes of the atlas. Like 
the neurapojihyses of the trunk in some fishes (e.g. LvpiihmrcH, 
lln/nvns^ Xiphlas')^ the bases of the cxoccipitals exjiand, and 
meet n])on the np|>cr surface of the basiocciiiilal, and immediately 
support the medidla oblongata. 

The siiperocc/ipital, fig. 77, 3, usually sends u})ward and l^ack- 
ward a strong compressed spine from tlie whole extent of the 
middle line, and a transverse ^ superoccipitar ridge outwards 
from cacli side of the hase of the spine, to the external angles of 
the hone. In most fislics this bone advances forward and joins 
the frontal, pushing aside, as it were, the jiarietals, as in fig. 76, 
3 ; in Balislcs the produced part of the siiperoccipital is even 
wedged into the hinder half of the frontal suture. In the Car]), 
on the contrary, the anterior angle of the supcroccipital is trun- 
cated, forming the base of the triangle, and .is articulated by a 
himboidal suture to the parietal bones, fig. 88, 7 , which here moot 
at the mid-line of the skull, and tlic u})])er part of the occipital 
•'^pine is Ioav and flattened. The superoeeijulal is also s<^iparated 



108 


ANATOMY OF VERTEBRATES. 


from the frontal l^y the parietals, in the Salmonoid, ClnpcoiJ, 
Muracnoid, and most ganoid fishes ; and is itself divided, in Anna 
and L(q)i(lostens, l)y a median suture ; tliese modifications tell 
strongly against extending the ^loinology of the sniK'roccipital with 
the supernumerary ‘ interparietal’ hone of Mammals, beyond the 
anteriorly j)roduced interparietal jiortion ; which, however, is not 
develojjod irom a sejiarate centre in Fishes. 

AVhen the skull is inueli compressed the occipital spine is 
usually very lofty, as in the ()i)ah-fish and An/j/rciosns, fig. :38 : in 
the Light-horseman fish {Ephlpjm>i)\i expands above its origin into 
a thick crest of bone, giving the skull the ai)])(‘arance of a helmet ; 
but in low flattened skulls the spine is much reduced, projecting 
merely backward, as in the Tike and Salmon, and being s(»me- 
times obsolete, as in tlic Lemora. In a fi'w instances, the broad 
jiostcrior j)art of tlie superoccipital articulates with the neural 
arch and s])ine of the alias, and sometimes, on the other hand, e.g. 
in the Halibut, the entire bone is pushed by the [)aroc(‘ipitals 
upon the upper surface of the skull, whore it manifests the loss ol' 
synunetry by tlie absence of the expanded ])late on ihe h'ft side of 
the sj)iue. 

In broad and depressed skulls the paroccipital,^ fig. 70,4, forms 
a strong crest, and exceeds the exoccipital in size ; in narrow aiul 
deep skulls the ])ro])ortions of these bones arc coirimonly reversed, 
and the parocciiiitals sometimes disap|)ear. In the Shad, tin* 
paroccij)ltals unite with the mastoids almost as in the (.'helonia; 
and ill Poh/prinu they are connate with the exoccipitals as in 
batrachian and crocodilian Reptiles. In Si/natlns, CalUchfhys, 
and Ih'ff rohrancluts, the paroccipital is visible only at tlie back 
])art, not at tlie upjic-r ])art, of the skull. The inner surfaxa* of 
the ]>arocci]>Ital, like that of the exoccipital, is excavated for the 
Jodgmeiit of part of the iiosterior and external semicirenlar canal 
of the enormous internal organ of hearing in Fishes. The outer 
])rojecting jirocess su])])ort.s the upjier fork of the first piece of 
the scajvular arch ; sometimes, as in Ephippm^ by a distinct arti- 
cular cavity. The neural jiarts of the occipital vertebra are those 
whi(;h arc commonly in Fishes the most completely ossified at the 
(expense of their primitive cartilaginous bases ; and, in Pohjptrrua^ 
they become anchylosed into one piece, like the occipital boiui 
of Anthroj)otomy, the superoccipital being as little developed as 
in Protopterus. 

* 'rhe paroccipitjils arc not to be confounded with the dermal hone called ‘ cpiotic ^ 
hy Professor Huxley, in his reproduction of Muller’s figure of the head oi Pvli/pteruSf 
in the Government Publication, (clxviii.) p. 22, fig. 16. 
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Tlic hasiaphonoid (figs. 78 and 84, 5) is usually bifuroato poste- 
riorly, and more or less expanded bciicatli the cranial cavity ; It 
is tlien continued forward (sometimes after sending out a pair of 
lateral }>roeesse.s, as in tlie l.^erch,- more commonly witliout such 
processes) along the base of the interorbital space to near the 
fore ])art of the roof of the nioiitli : its posterior extremity is 
joine.d l)y a Sijuamosc suture, as in Dmlon, to the basioecipital ; 
or, more commonly, as in the (^)d, is firmly wedged by a kind of 
donhle gom|>hosis into the basioccijntal ; its expanded part sup- 
])orts the petrosals and alisidienolds : the presplirnoidal prolonga- 
tion (figs. 88 and 84, y) articulates with the orbitospheuoids and 
the ethmoid, 18, when this is ossified ; and it terminates forward 
by a cavity receiving the ])ointed end of the vonun*, fig. 84, la. 
It is this })ortion of the basi-pre-splicnoid whicli manifests the loss 
of symmetry in the flat fishes (Plrfironerf/da^, being twisted u|) 
to one side of the skull. The l)asi“[)re-s])henoid varies in form 
with that of the head in genend, being longest and narrowest in 
long and narrow' skulls, and the converse. Th(‘ whole of its 
npjier surface is commonly rough for articulation with the j>etrosals 
and alisihenoids ; rarely does any portion enter into the dire(d:. 
formation of (lu^ cranial cavity, and then, e. g. in tlu^ Cod, a small 
sinfae(^ may support tlie pituitary sac. AVdien it enters more 
largely into the formation of the floor of the cranial oavitv it 
usmdly sends u])W'ard a little process on each side ; or, ns in /V.v- 
Inhtrin^ a transverse ridge. The basisphcnold is smooth lielow;, 
where it is usually flattened or conve^x, but sometimes is ])ro- 
duced dowunvard in the tbrm of a median ridge, and sometimes is 
p(‘rfoi*at<Ml for the lodgment of certain miiseles ol’ the eyeball. 
In the Volyj>t('riis botli ali- arul orl)itOr-s]>licnoids are anchylosed to 
tile basi-| ire-sphenoid, and llu^ result is a bone that answ'ers to the 
major part of the ‘ os splienoides’ tif Antbrojiotomy. As two large 
Jind important luemal arches of the head are suspended from tlie 
liarapophysos of the second and third cranial vertebiae, this seems 
t(^ lie tlie lamdition of the fixation and coalescence of the bodies of 
tliose vertebral in all Fishes. 

In some, e. g. Perch and Carp, the liase of each alisphenoid 
rises above the basisplienoid, and then sends inwaid a horizontal 
[ilate, wliielv, meeting that of the ojiposite alis])hcnoid, forms tlu' 
inimeiliate sujiport of the mesencephalon, and at the sanui time tlu^ 
roof of a canal, excavated in tlie basisphenoid, and wdiieh 
traverses the base of the skull, below the cranial cavity, from 
before backwuirds, opmung behind at the under part of the liasl- 
oceipital ; this sujjeranial canal exists hi the Salmonoids, Sparoids, 
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Scomberoidi^, and is very remarkable in mOKst fishes with lofty 
compresKScd skulls, as the Ephippus. In them it resembl(?s, but is 
not lioniologous wilh, the jio^terior prolongation of the nasal pas- 
sages in tlie Crocodiles, and it lodges some of the muscles of the 
eyeball. "J'lie form of the alispheiioids is intliicnced by that of the 
skull ; when this is low and Hat, their antero-posterior exceeds their 
vertical extent; in deep and compressed skulls they are narrow and 
high plates; in ordinary shaped skulls they present either a sub- 
circular form, and are perforated, as in the Carp, fig. 83, g, or are 
reniforin, the anterior border being decjdy notched, as in the Cod, 
fig. 81, 6; they form a more definite and fixed proportion of the 
lateral parictes of the skull than do the jietrosals, ib. ui, which 
are interposed between them and the exoccijiitals ; and they have 
tlieir essential function in sustaining and protecting the sides of 
the inesence])hal()n, and in affording exit to the second and third 
divisions of the fifth pair of nervc'S. '^fhe alisphenoid articulates 
in the Cod with the |K‘trosal posteriorly, with the orbitosjilienoid 
anteriorly, and witli the mastoid and postfrontal above. Wlu*re 
the alisphenoids have a greater relative size, as in the Perch, and 
where the less constant petrosal decreases or disappears, their 
connections are more (‘xtensive; they then j-each the exoc<*i|>itals, 
and .sometimes even join a small j>art of the basioeeipital. In 
the#incoinpleteIy ossified skulls of some fishes, e. g. tlie Pike and 
the Salmon trllx*, the basal and lateral cranial bones are lined by 
cartilage, which fornrs the medium of union between tbein, 
especially the lateral ones: in lietter ossified fishes, e. g. the Cod, 
the union of the alis|)henoids is by suture, partly dentated, ])artlv 
squamons. In the Cod the second and tliird divisions of the tri- 
geminal nerve ])ass out of tlie cranium by tlie anterior notch ; in 
some otluM* fishes they escape by foramina in tln‘ alisphenoid: a 
part of the vestibvde and the anterior semicircidiir canal of the 
ac,oastic labyrinth usually encroaidi n|)on its inner eoncavity, 
whence some liave deemed it to be the petrous bone. The chief 
variety in the parietals, figs. 7() and 8.3 7, has been noted in con- 
nection with the supin’oceipital, il). a. 

In some fishes the parietal is perforated by ibe ^ nervns 
latendis,’ which sniijilies the vertiiMil fins. The left jiarietal is 
broader than the right in the Ilaliliul: and .some other flat fishes 
(/ Vc// ronccfidfc). 

I he process for the attacbinent of the great trunk-musclcs is 
dcn'eloped from the outer margin of the mastoid, flg.s, 83, 85, s ; 
the inner side of this bom? is cx|)amled, and enters slightly into 
the fornution of the walls efr the cranial, or rathyr of the acoustic 
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cavity ; its inner, usually cartilaginous, surface lodging part of 
one of the vsomieircular canals. It is wedged into the interspace 
of tlic ex- and par-occl]>itals, the petrosal, the alisphenoid, the 
parietal, the frontal, and ])ostfVontal bones. The projecting pro- 
cess lodges above tlic chief mucous canal of the head, and below 
affords attachment to the epitympauic, or . up[)er piece of the 
bony ])ediclc from which the maudibiihtr, hyoid, and opercular 
bones arc suspended. 

The orlntosjjIunwuJsy figs. 83, 85, lo, arc osseous plates usually 
of a s(]narc sba])c, sometimes semicircular or semiclliptlc, as in 
tlie Cod; larger in the Mabtcopfr.n^ fig. 83, lo; very small in 
most Aainthopteri ; and sometimes represented l)y a descending 
plalc of the frontal, as in the Gar])ike, or by unosslfied cartilage, 
as in mail-cheeked fishes. In the Carp tlunr l)ases meet, like those 
of* the alis[)lienoids, above the sphenoid : when osseous matter is 
(hiveloped in the interorbital septum the orbitosphenoids are 
articulated b}' their under and anterior ])art to that bone or 
bones, fig, 83, lo.' Tlie ollaetory nerves pass forward by the 

su] )erior interspa<^e of the orl)itosplienoids and the 0 ])l*ie nerves 
escape by their infcj’ior interspace, or by a dii'cct |)erforati()n ; and 

tl) (‘ essejitial i'unetions of tlui orl)itos])lienoids relate to the ])i’o- 
loetio]! of the sides of the cerebrum or proseuecjdialoji, and to 
the traiisniission* of tlie oj)Hc nerves. The orbitosplionoids 
(Vccjiiently bound or complete the foramej) ovale. 

Although the frontal always enters into tlic formation of the 
cranial cavity, its major part forms the roof of the orbits, 'which 
accessory fiinetlon is the chief condition of the great c\])ause of 
this neural spiiu> in fishes. Single, and sending up a median (Test, 
in the Cod, the Ephipjuis, and some other fishes, the frontal is 
more cominouly divided along the median line, the divisions 
having the form of long and broad snbtriangular plates, fig. 76, 
11, 11 ; narrower in the lofty compressed skulls, smaller in those 
with laj’ge orbits, and becoming greatly expanded in tlic fishes 
with small and deejnset eyes. Ea(*h frontal sends up Its owm crest 
in the Tunny,- the interspace leading to a foramen, penctniting the 
cranial cavity in front of the single occipital spine : a larger 
fontanelle exists in the Cobitis and some Silnroids between the 
bontal and parietal bones. In the Salamandroid fislies (e. g. 
l^olyptcrns) each frontal sends down a vertical longitudinal plate, 

' The specially developed interorbital septum, or ‘ crniiial a^thmoid ' of Cuvier in 
nie Urcam and Carp, misled Bojamis into the belief that it was the body of the 
’ piuscnecphalic vertebra (vertebra optica).— /m', 1818, p. 502. 

‘ licniinding one of the double s])inc of the ncuAil arch of the atlas in Tfctroilon. 
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wlilcli rests (Virectly upon the ]>resphenoi(l, and mterccpts a 
canal along* wliich the oKactory * crura’ are continued forward 
to the prelVontals : the lateral parietcs of this canal thus forni 
not only a complete, hut a double bony ])artition between the 
orbits. In the Shad a corresponding descending plate tabes 
the ])lace of the orbitosphenoid. In most Acanth()|)tcri an olfac- 
tory groove is formed by short vertical descending jdates from 
the under surface of the frontal. The niidfrontal is single in 
tlic IHxnrronertiihc, but has undergone more modiiication than 
any of the preceding bones in connection with tlie general distor- 
tion and loss <jf symmetry of the head : in the Halilnit the right 
]K)sterior angle is truncated, and the rest of that side scooped out, 
as it were, to form the lai-ge orbit of the right side : the left side 
of the Inme retains its normal form : a median crest, a continuation 
of that n[)on the su]>eroccipital, divides the two sides. 

The posfjronfals, tigs. 75, 70, 83, 12 , 12 , obviously belong to the 
same catcMgory of vcrtel)ral ])ieces as the mastoids, whose |)r()ml- 
nent crest they partly underlie and com])lete, lending their aid in 
the fornuctlon ol‘ the singh* ( 0 . g. (.'od, Salmon), or double, (e. g. 

. Pike) articular cavities for the tym])anic |)cdicle: like tlu‘ mastoids 
they are ossified in and from the ])riniitive eranial eartilage; and 
their inner surl'aco is (.‘X|)ande(l, l)nt this loss freipiently enters 
into the formation of the cranial cavity : they form the posterior 
boundary of tlieorl)it; are articulated below to the orbitosphenoid 
and allsphonoid, ai)Ove to the frontal, and by their })osterior and 
up])er surfaces to the mastoid. 

The figs. S3, 84, 13, is wedged into the under . ])art of 

the ])res])lien<»id ; Its antero-lateral angles are articulated to the 
prelrontals; its ujiper surfice sn|)ports the nasal bone, sometimes 
immediately, sometimes by an intervening ethmoidal cai'tilage. 
The j)alatine bones abut against the expanded anterior ]»art ot* 
the vomer, the under side of which commonly supports teeth. 
The left ala of the anterior end of the vomer is ehietly develojied 
in the Ilallhiit and other flat fishes. In the Le])ulosteiis, the 
vomer is divided into two, as in BatracMa^ by a median cleft. 
Altbougli its posterior end joins obli([iiely to the under jiart of 
the ])resphenoid, it is not, therefore, less a continuation of the 
basicranial scries iban is tlie posts phciioid,* which joins in a 
similar mariner with the basiocciiiital. 

The prefrontah def‘^^nd and .siij)j)ort the olfactory prolongations 
of the cerebral axis, give passage to these so-ealled ‘ olffudory 
nerv(‘s,’ bound the orbits anteriorly, form the surface of attaclinicnt 
or suspension for the pahitine bones, and through these for the 
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palato-maxillary arch : they rest below upon the presphenoid and 
vomer, support above the fore part of the frontal and the back 
part of tlie nasal bones, and, by their outer or facial extension, 
gi\'e attachment to the large antorbital or lacrymal bone. They 
are ossified in and from pre-existing cranial cartilage. 

Such arc the essential cliaractcrs of the bones winch Cuvier has 
oiillcd ‘froiitaux antericurcs’ ^ in Fishes, and to which I apply the 
name of ^ prefrontal ’ in all classes of Vertehrate animals. In the 
Cyprinoids, and most llalccoids, the prefrontals form ])art of an 
intcrorbital septum. When ancliylosis begins to prevail in the 
cranial bones of Fishes, the prefrontals manifest their essential 
relationship to the vomerine and nasal bones by l)ecoming confluent 
with them : thus Ave rccogulse the j)refVontals in the coiitluent 
])arts of tlic nasal vertebra of the Conger, by the external groove 
conducting the olfactory nerves to the nasal capsules, and by the 
inferior process from Avhich the palatine bone is suspended.*^ In 
the AfurarmCy also, the prefrontals are |)lalnly confluent with the 
nasal, IT), bone, and form tlic Avell marked articular surfaces for the 
jralato-inaxillary l)ono. In some fishes a ])rocess of the prefrontal 
circumscribes the foilimcu by which the olfactory ^ crus ’ finally 
enua’ges from the anterior prolongation of the cranio-vertebral 
cnnal. In the (!ar]) this part of the brain traverses a deej) nolcli 
oil the inner side of the jirefronlal, fig. 83, 14. In the Cod the 
palatine arch is chiefly hut not wholly suspended to tlie jirefron- 
ials. The right prefrontal is the smallest in the unsymmetrieal 
skulls of tlic Hat-fishcs. 

The vasal have is usually single, and terminates forward in a 
tliiek o))tiisc extroinit v. The anterior end of the nasal is deejicst 
in those Fishes which liavc a small maxillary arch suspeiulcd from 
tlie cranial axis by vertical palatines, and wliiirh have a large 

‘ nieiix f.|in donnent passage, aux nerfs olfaetUs, fcrniciit Ics 

orbites cn avaiit, s’appuycnt sar lo sphonoido ct Ic vomer, ct donnent atlaclic par une 
fiicette dc leur horde inioricurc aux palatins.’ — Lotions iF Ana t. Comp. ii. 18.37, p. 606. 
Compare this enunciation of the essential characters of the anterior frontals with 
Cuvier’s descriptions of the bones to which he applies that name in other classes, and 
with the variable determinations of the same bones by other anatomists — le hcn/mal, 
GcofTroy and Spix ; lamina cribrasa ossis cthtmndei of Bojanus ; seitlichc reichbeine, 
Meckel, Wagner. Without at present entering into the respective merits or demerits 

these determinations, I shall only state that the prefrontals, under whatever names 
they are described, are essentially tho neurapophyses of the nasal vertebra, and that 
tbc failure in the attempt to determine the special homologies of tliese hones n»ay, in 
every case, be traced to the non- appreciation of their true general homology. 

“ In the Conger, Cuvier ^ recognises the prefrontals as persistent cartilages. 
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basicranial canal. In some fishes, as the Salrnonidce, the nasal Is 
broad but not deej) : in Istioplioras it is long and narrow : in the 
Discohoks and Lophohranchii it is a short vertical compressed 
plate: it is altogether absent in the Lophlus, or is represented 
here, as in the Diodon, by a fibrous ineinbrane, retaining the 
primitive histological condition of the skeleton. In the Flying 
G urnard tlie nasal has no immediate connection with the vomer ; 
but this is a rare exception. In most fishes the nasal cavity is 
more completely divided by the nasiil bone into two distinct lateral 
fossic than in any other class of Vertebrates. 

In Amia, LepIdosteus, Polypterus, and many extinct ganoid 
Fishes the nasal is divided at the median line. The horn-like {)ro- 
jection from the fore part of the skull of* the Naseus uiikoi'itis is 
ffirmed chiefly by a process of the frontal bone, to the under part 
of which a small nasal is articulated. 

The turbiuals, or osseous ca))sulos of the nose, arc situated at the 
sides or above the nasal : the premaxillary and the maxillary 
bones are usually attached to its extremity tlirough the medium of 
a syiniixetrical cartilage which is articulated with the fore part of 
the nasal Ixnie, and extends forward to the interspace of the ujvper 
ends of the premaxillarics. This ^ prenasal ’ cartilage often forms 
a septum between the two ^ossa turbinata: ^ it is partially ossified 
in the Carp. 

The sense-capsules are so intercalated with the neural arches, 
which are modified to form cavities for their reception, that tlui 
demonstration of the skull will be best facilitated by describing 
them before we proceed to the lunmal arches of the cranial verte- 
l)ra3. 

Acoustic capsule, ox petrosal^ figs. 81 , 83 , 85 , lo. 

We have seen that tlie first developed cartilage upon the 
primitive membranous wall of the skull forms a special protecting 
cnveloj)e for the labyrinth, which alone cojistltutcs the organ of 
hearing in Fishes {Ammoceteny fig. 58 , 16). In the progi’cssivc 
accumulation of cartilaginous tissue uj)on the base and sides of 
the cranium, the ear-ea|)su]e loses its individuality, and becomes 
buried in the common thick basilateral parietes of the cranium. 
It is blended with that persistent cartilaginous part of the skull in 
the Lepidosiren; hut, in the better ossified Fishes, when the 
osseous centres of the neurapophyses of the cranial vertcbrjc 
begin to be cstaldislied iii that cartilaginous basis, a distinct bone 
Is likewise. In most cases, developed for the more express defence 
of the labyrinth. Since, however, functions are less specialised, 
less cH>nfined to the particular organ ultimately destined for their 
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porformance in the lower than in the higher classes, we find in 
Fishes several bones taking part with the special acoustic caj>sule 
in tiie lodgment of the labyrinth ; and it is only in the liighm- 
Vertebrates that the capsule, under the name of the ‘ petrous 
bone;’ entirely and exclusively envelopes tlie labyrinth. Its 
ossification commences later than that of the cranial neurapo- 
j)byscs, in the series of Osseous Fishes: there are species (e.* g. 
Fike) in which, after the cxoccipitals, alisjhenoids, and orbito- 
sphenoids have received their destined amount of ossification, the 
peti’osal still remains in tlie cartilaginous state : :t is small in the 
Carp, fig. 83, 16, and Bream; in the Perch, figs. 84, 85, ifi, it is 
more developed; it is somewliat larger in the flat-fish (e. g. 
.Halibut); and in the Cod, fig. 81, 16, attains an equal size with 
the alisphenoid, ib. (>, which it resembles in form, except that tlie 
notched margin is posterior. Here it forms the posterior lateral 
wall of the cranium ; artiiuilates below with the basioccipital r, and 
baslsjihenoid, above with the mastoid 8 , and ]>ar()(;cipital 4 , beliind 
with the exocclpital 2, and before with the alivSphcnoid 6 : it siqi- 
jKirts the cochlear division of the labyrinth containing the otolites. 
The Cavity called ^otocranc’ lodging the petrosal with the rest 
of the car-capsule, is formed, on each side, liy the cxoccijiltal, 
paroiicipital 4 , alisphenoid 6, mastoid 8 , and postfrontal 4 : it is some- 
times closed externally, but opens Avidely into the cranial cavity. 

The optic capsule, or schrotul, fig. 81, 17, like the acoustic ca[>- 
sule, is cartilaginous in Plagiostomcs, and also in the vsenii-osseous 
fishes, as in most (Tanolds, tlie Lepidosiren, the Lopliiiis, tive 
Lophobrauehs and Plectognathcs. In better ossified fishes it is 
l)ony, and commonly consists of two hollow hemispherold pieces, 
each with two opposite cmarginations ; the inner ones eircum- 
seribing the hole, (analogous to the meatus intenuis of the 
j)etrosal), for the entry of the nerves and vessels to the essential 
parts of the organ of vision ; and the outer or anterior einargina- 
tions supporting the cornea. As this part of the skeleton of the 
head retains its jirimitivc fibro-membranous condition in Man, it 
called ‘ the sclerotic coat of the eye ; ’ «and the osseous plates 
developed in it in Birds, many Reptiles, and Fishes, arc termed 
‘ sclerotic bones.’ It bears, however, the same essential relation 
fo the vascular and nervous parts of the organ of sight, Avhich the 
petrous bone does to those parts of the organ of hearing, and 
which the turhinal bones do to the organ of smell : the per- 
sistent independence of ihe eye-ca])sule, which has led to its being 
coitmionly overlooked as part of the skeleton, relates to the 
I’equisite mobility and free suspension of ttc organ of vision.* In 
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the Cartilaginous Fishes, however^ it is articulated by means of a 
pedicle with the orbitosphenoid. The osseous cavity or ^ orbit ’ 
lodging the eyeball is forined by the presphenoid, orbitosphenoid, 
frontal ii, jiostfroiital 4, prefrontal 14, and palatine 20, bones: it 
opens widely outwards, where it is, often, further circumscribed 
by the chain of suborbital scale-bones below, and, but less fre- 
quently, by a superorbital bone above. The bony orbits in most 
fishes communicate freely together, or rather with that narrow 
prolongation of the cranial cavity lodging the olfactory crura : 
but, in many Malacopteri^ c. g. the Shads and Erythrinus, the 
Citharinus and llydrocyon^ the SyiihrujichuSy and the genus 
Cyprmu.9, fig. 83, an osseous septum, is, divides the orbits. In 
the Amia, Lejiidosteus and Polyptcrus the orbits are divided 
by a double septum, forming the proper walls of the olfactory 
prolongation of the cranium, as is the case in the Batrachla. 

The olfactory capsules, or turhinalsy fig. 81, 19, are lodged in a 
cavity called ‘ nasal,’ bounded by a variable number of bones, of 
which the vomer, il). 13, the prcfrontals, ib. 11, and the nasals, ib. 
If), are the most constant: in many bony fishes the nasal chamber 
is closed behind by cartilage, which )>artly forms the interorhital 
septum; but in which, in some species, a slender symmetrical 
liiiurcate (Perch) or subquadrate ossicle is developed; in the 
Cvprmoid (tig. 83, is) and Siluroid Fishes, it articulates below to 
the presphenoid, behind and above to the orbitosiihenoids, and 
above and before to the frontals and (ircfrontals, forming the (;liief 
part of the interorliital septum. The capsules of the terminal 
pituitary expansion of the organ of smell arc cartilnginous in the 
Phigiostomes, Chimicroids, in most (lanoids, and in the Lepido- 
siren. They form a single tube, with interrupted cartilaginous 
parletes, like a trachea, in several of the Cyclostomos. The tur- 
binals arc develo])cd for the more immediate snjifiort of each ol- 
factory capsule, In osseous fishes ; they arc generally thin, more or 
less elongated, and colled scales ; situated at the sides of the nasal 
bone and of the ascending processes of the premaxillaries ; usually 
free, but in the Gurnards articulated with the prefrontals and 
nasal, and in the Cock-fish {Aryyreiosus) suspended above the nasal 
bone, from the anterior prominence of the frontal spine. 

The palato-maxillary arch, fig. 81, 20,21,22, n, prescntKS a simple 
and intelligible condition in the Lepidosiren and Plagiostomous 
fishes ; in all it is completed or closed at one point only, viz., where 
the premaxillaries meet or coalesce, fig. 67, 22. The palatine bones 
are the piers of this inverted arch, and their points of suspension 
arc ilieir attaclimcnts io the prcfrontals, the vomerine, and the 
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nasal bones. The arch is completed by the maxillary and pre- 
maxillary bones, the symphysis of the latter forming its apex ; 
and it is inclined forward, nearly or quite parallel with the base 
of the skull ; which, in most fishes, extends to the apex of the 
arch, and in some far beyond it, being usually more or less closely 
attached to it. In air-breathing Vertebrates the arch is more de- 
pendent, circumscribing below the nasal or respiratory ciinal. The 
pterygoid bones project backward and"6utward as the apiiendages 
of the palato-maxillary arch, ib. Both maxillary and intmnax- 
illary bones tend by their peculiar developemcnt and indeiicndent 
movement in bony fishes to project freely outwani, downward, and 
backward. AVe find, at least, that the general form, position, and 
attachments of the single and simple palato-maxillary arch, in the 
Lepidosiren or Cestracion, arc rejircsented in most osseous fishes, 
by their several detached bones, the names of which have been 
just mentioned. 

The palatine (pleurapopbysis of nasal vertebra, figs. 81, 84, 2e)is 
an inequilateral triangulai’ lH)ne, thick and strong at its iijqier 
juirt, which sends off two processes: one is the cssontiaLpoint of 
suspension of the ])alato-maxillary arch, and articulates with the 
prclVontal and vomer at their point of union ; the other is convex, 
and passes forward to be articulated to a concavity in the superior 
maxillary, to which, in all b^islies, it affords a more or less moveable 
joint. In tlic Parrot-fishes and Dioclons the articulation is quite 
analogous to that of* the mandible below with the tympanic pedicle. 
In the Lepidosteus, Anna, and most Ganoids, it is by a suture. In 
the Shad the palatine articulates with the premaxillary as well as 
the maxillary. In the Mormyrus the palatines meet, and unite 
together at the median line. The posterior border is joined to 
the cntO]>terygoid, fig. 84, 23 , and its outer angle to the pterygoid. 
The palatine contributes to form the floor of the orbit and the 
roof of the mouth; in many fishes it supports teeth, but is eden- 
tulous in the Cod. It varies much in form in different species ; is 
slender and elongated in the wide-mouthed voracrhnis fishes as 
the Pike, and is short and broad in the broad-headed, small- 
mouthed fishes. 

The maxillary (hnnmapophysis of nasal vertebra, fig. 81, 21 ) is 
usually a small edentulous bone,’ concealed in a fold of the skin 
between the palatine and prcmaxillai'y : it lies, in the Cod, fig. 

21 , posterior to and parallel with the iireinaxillary, 22 , which it 
resembles in form, but is longer and thinner in most osseous fishes : 
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the upper, usually bifurcate, eAd of the maxillary, forms a socket 
on which the ascending or nasal process of the premaxillary 
glides ; a posterior tid)ercle at this end Is attached to the palatine, 
and ligaments connect the same expanded end to the nasal, the 
turbinal, the vomer, and the premaxillary: the lower and hinder 
expanded end of the bone is attached by strong elastic ligament, 
in winch a labial gristle is commonly developed, to the lower jaw. 

In the iSalmon and Herring tribe, the Sudis, fig. 86, 21 , Anna, 
and ihost Ganoids, the maxillary supjKvrts teeth. In the Plectu^ 
(jnathi (Globe-fish and File-fish), the 
maxillaries coalesce wholly or in part 
with the premaxillaries. In the Lepi^ 
(lostnts the contrary condition prevails : 
the premaxillary and maxillary bones 
eonslitute, indeed, a single dentigerous 
arch or border of the upper jaw, as in 
fig. 86, but arc sulxlividcd into many 
Ixniy ])ieces, a condition wliic^h seems to 
have jirevailed in some* of the ancient extinct ganoid fislios. In 
the PolyptvTus the maxillary is large and undivided on each sid(>; 
it sui)ports teetli, and sends inward a j)alatiiie plate to join the 
vomer and the palatine bone ; thus acquiring a fixed position and 
all the normal features of the bone in higher animals. The 
jnaxillary hone is very diminutive in the Siluroid fishes, and 
a]>pears, with the premaxillary, to be entirely Avanting in certain 
Eels {Muraiiikha), 

The premaxillary (luemal s])ine of nasal vertebra, figs, 75, 81, 22 ), 
one of a syinmoti’ieal pair in the (axl and most other osseous fishes, 
is moderately long and slender, slightly curved, expanded and 
iiotch(Ml at both (ixtremities : the aufeador end is bent upward, 
funning the nasal process, and is attached hy lax ligaments to the 
nasal bone and |)renasal cartilage, to the j)alatine, and to the 
anttn-ior ends of the maxillary bones. The premaxillaries arc 
inovably connected to each other by their anterior ends; the nasal 
] processes arc separated by the prcnasal cartilage, the loAver or 
outer branches ])roject freely dowuAvard and ontAvard, fig. 75, 22 : 
the labial border of each premaxillary is beset Avith teeth, Avbilst 
the maxillary bone is (pjite edentulous in most osseous fishes, as 
in the Cod, lb. 21 . In Diodon the premaxillaries and their 
lamellated dental apparatus coalesce and constitute a single sym- 
metrical beak-shaped bone: the premaxillary is also single in 
Morinyrus, Tlic confluent premaxillaries constitute the sword- 
like aiik^rior prolongation of the snout in Xipkias, and are firmly 
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and immovably articulated with the prenasal and maxillary bones, 
in both tlie Sword-fish and the Garpike. Tlie premaxillarics are 
commonly more extended in the transverse than in tlie vertical 
direction ; but there are many examples in Fishes where their de- 
velopement is equal in both- directions. The vertical extension, 
Avhich Ibrms the nasal branch of the premaxillary, is of unusual 
Iciif^th in the fishes Avltli protractile snouts, as, for example, in the 
Picards (^Mmidai\ the Dorics (Zf^M.s‘),"aiid in certain Wrasses, as 
CorienSy and especially the KpihubiSy or Spams insidiator of 
fig. 87, 22. In this fish the nasal branch of the inter- 
maxillary, ib. 22 ', plays in a groove 
on the upper surface of the skull, and 
reaches as far back as the occiput when 
the mouth is retracted. The descend- 
ing or maxillary branch is attached 
l)y a ligament, ib. 22 ", longer than 
itself, to the lower end of the maxil- 
lary bone, lb. 21 , and consequently 
draws forward that hone, together Avith 
the lower iaAV, to whldi the same end rrr.tmdi.^Jiaiuintr.ir 

, * .11 . 1 1 1 T of thi; iwmth (IJitihulnn msiilhUiir) 

of the maxillary is attached by liga- 
ment, AvluMi the long nasal branch of the premaxillary glides 
forward out of the epicranial groove. Tlie protractile action is 
further favoured by a peculiar modification of the hypotynqianic, 
il). 28, AvhIch, Iiy its great length and movable articulation at 
both ends, cooperates Avith the long premaxillary in the sudden 
projection of the moiitli, by Avhlcb tliis fish seizes the small, agile, 
aquatic insects that constitute its prey. In tlie Lophlus the nasal 
l>rocesses of the preinaxillaries enter a groove in the frontal: 
in tlie Uranoscopus they also rcacli the fioutal, playing iq>on tlie 
small nasal bone and pressing it down, as it Avere, upon the 
Aomer. In the Dnctylopterus they jienctrate betAveen the nasal 
and the A^omer, and play in the caAlty of the rhinencophalic arch. 

The diverging appendage of the palato-maxillarv arch consists, 
in Fishes, of the pterygoid and ento])teryg()Id bones, Avhich, as 
they arc the least inqiortaiit parts of the arch, so are they the 
least constant: they are Avantiiig, for example, in the Synodon, 
Platystacus, Ilydrocyon, and Lopliiiis; are connate Avith, or 
indistinguishable from, the palatine in most Salmonoids and Eels; 
whilst ill the Mursena a single bone, the jiterygoid, exists, but is 
disconnected Avitli the maxillary arch. Most Fishes, lioAvever, 
present, iis in the Cod, the tAVo bones above named. The ento- 
pterygoid is edentulous in the Perch^fig. 84, 23, Cod, jyid most 
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other fishes, but is richly beset with teeth in the Arapaima gigas. 
It principally constitutes the floor of the orbit, its breadth de- 
pending much upon the depth of that cavity; it sometimes is 
joiiuhI by its median margin to the vomer and presphenoid, as in 
the Cod-tribe, Carp-tribe, and Flat-fishes ; and to the basispheiioid 
in I^epidosteus^ jErythrmuSy and Polypterus^ and then divides the 
orbit*from the mouth ; but more commonly a vacuity here exists 
in the bony skull, filled up only by mucous membrane in the 
recent fish; in ZTpeneus, Polyprion^ and Cheilinis, for example, 
the entoptcrygoid does not join the basis[)heiu)uL 

''riio ])terygoid forms in the Cod, fig. 75, 24, an inequilateral 
triangular ])late, but more elongated than the palatine, witli which 
it is dovetailed anteriorly; it becomes thicker towards its j^os- 
terior ejid, which is truncated and firmly ingrained with the 
anterior border of the h ypotympanic ; its lower border is smooth, 
thickened, and concave ; cdeiitidous in the Cod, but more fre- 
quently supiKWtlng teeth, as in the Perch. The jderygoid and 
])alatine a))pear to form one bone in the great Sudis, {Anrpalmd 
gif/dUy fig. 80, 20, 24): and they arc confiuent in the lOel tribe. 

The ten Ixnu^s of which the palato-maxillary arch is composed 
in Osseous fishes are, in the Cod and most other species, so dis- 
posed, in relation to the peculiar movements of the mouth, as to 
appear like throe ])arallcl and indcpeu<lent arches, Buccessivoly 
atta(*hed behind one another, by their keystones, to the fore part 
of the axis of the skull, and with their piers or crura suspended 
freely dowmvard and (nitward, fig. 75, 22 , 21 , except those of the 
last or pterygo-t)alatinc arch, il). 23 , 24 , Avliich abut against the 
tympanic pedicles. The siiuplification or confluence of the two 
first of tlicse si)iirious arches is etfected in the Salmonoid Fishes, 
Sudis, fig. 86, &e., by the sliortcniug of the [)remaxilhiry, and by 
the mode of its attachment to the maxillary, which now forms 
the larger j^art of the border of the mouth and supports teeth : 
the maxillaries are I) rough t into close artlenlation with the pala- 
tines in the Pleetognathcs, and the consolidation of tlic whole 
scries into its normal unity is etfected in the Lepidosiren. The 
])alatincs form the true bases of the inverted arch at their points 
of attachment to the prcfroTitals ; the prcmaxillaries constitute the 
true Ji])ex, at their mutual jimctlon or sym[>hysis ; the approxi- 
mation of which to iha anterior end of the axis of the skull is 
rendered possible in fishes, by the absence of any alr-j)assage or 
nasal canal ; the ])terygoids arc the diverging appendages of the 
areli ; but are attached posteriorly to strengthen the pedicle siip- 
]K)rting#the lower jaw, and' combine its moveincnts with tliose of 
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the upper jaw ; just as the bony appendages of one costal arch in 
Birds associate its movements with those of the next. 

Tymimno-mandilmlar archy fig. 81^ 11, 25 — 32. — This presents 
its true inverted or haemal character ; its apex or key-stone formed 
by the symphysial junction of the lower jaw hanging downwards 
freely, below the vertebral axis of the skull. . The piers, or points of 
suspension, of the arch, are formed byjhe cpitipnpanic!^ i each epi- 
tympanic is articulated to both the [)ostfrontal, I2, and the mastoid, 
8, and is divided artificially in fig. 81 ; its articular surface is formed 
in the Cod by a single elongated condyle, fig. 75, 28; in many 
other fishes by a double condyle, one for each of the above-named 
cranial parapophyses, fig. 84, 28 , In the Dlodoji the upper border 
of the e|)itympanlc is articulated by a deeply indented suture to 
the frontal, the postfrontal and mastoid bones: its posterior 
margin su])ports, as in many other fishes, a circular articular siir- 
ijice for the opercular bone, fig. 84, 35. Below the condyle, the 
epitympanic in the Cod, fig. 75, becomes compressed laterally, 
hut is much expanded from before backward. The almost con- 
stant bifurcation of botli ends of the ei)itympauic irf osseous 
fishes, for articulation Avith two cranial parapophyses above, ami 
susiKUiding two inverted arches below, make it apijcar like a 
(?oalescenc(5 of the u})permost ])ieces of both those arches, lu 
most fislies the lower end is bifid, and su])])orts both the man- 
dibular and the hyoidean arches; the stylohyoitl, fig. 81,38, being 
attached near the junction of the e]>itym])anlc with the meso- 
tympanic. The contlgnoiis ribs of the Clielonia are immovably 
connected togetber to ensure fixity and strength to the carapace: 
the bulky apjiaratus suspended from the parietal and frontal ver- 
tebne of osseous fishes demanded the additional strength in the 
supporting axis which is gained by tlio (amttueiicc of their bodies, 
and also by that of the proximal pieces of the pleurapophyscs by 
Avhich the two luemal ar<jlies are suspended from those vertebree. 
The anterior division of the epitympanic ])iccc articulates with 
the preopcrcular, fig. 75, 34, the mesotympanic. fig. 81, 26 , and 
Jiretympanic, ib. 27 ; the posterior division is again bifurcate in 
the Cod, supporting part of the preopcrcular and part of the 
opercular bone, A strong crest projects from its outer surface in 
this and many other fishes. The epitympanic is simple at both 
ends in the Carp tribe. 

The mesotymjHmicy figs, 81, 26, 84, 38, is a slender, compressed, 
slightly curved, elongated bone, articulated by its upper jiart or 
base to the epitympanic and preopercular ; by its lower end to the 
inner side of the hypotympanic, reaching almost to the uiaildibular 
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trochlea; and by its anterior border to the pretympanic. ib. ft. The 
mesotyinpaiiic is confluent with the epityinpanie in the Siluroid, the 
Mursenokl, and some other fishes; but does not join the epityinpanie 
in the Lepidosteus, being in that fisli supported by the preopercular. 

The pretympanic, figs. 81, 27 , 84, ft, is an oblong bony scale, 
with the posterior margin thickened and grooved for the reception 
of the fore part of the mesotyin])anic and the upjier and fore j)art 
of the hy))otympauic. It is confluent with the hypotym])anic in 
the Conger and Mura?na : it does not join cither this or the meso- 
tympanic in the Lejildostcus. 

The hijpotympamc, figs. 81, 28 , 75 and 84, 28f/, is a triangular 
plate of bone, like the cjiityrnpanlc reversed, bearing the articular 
convex trochlea for the lower jaAV upon its inferior apex and with 
a straight base. The posterior margin of the hyp<>tynij)ani(i is 
grooved for the rcccjitioii of part of the preojAcrcuhir, ib. .‘U, 
its inner side is excavated for the insertion of the pointed end 
of the mesotympanic, and the anterior angle is wedged between 
tlie ])retympanic and the pterygoid, 24 , and is firinly united to 
the lattclh; the trochlea is slightly concave transversely, convex 
in a greater degree from before backwards. The Slv-bream 
(^Epihuhis, Cuv.), presents the most remarkal)le inodification of 
the Jiypotyinpanic, fig. 87, 28 ; it is much elongated and slender, 
carrying the lower jaw at an tinusual distance from the l)asc of the 
skull, and it is itself movably connected at its up])cr end with the 
mesotympanic. Thus, in the extensive protractlh; and retractile; 
movements of the mouth, the under jaw swings backward and for- 
ward on its long pedicle, as on a i>enduluin; the lower jaAV Ijelng 
further sup|)ortedor steadied in those movements bva long ligament, 
extending from the pre<»perculuin to its angular piece, ib. /, ao. 

liy the confluence of the meso- and epi-tymj)anics, and of the 
pre- and hypo-tym panics, in the Eel tribe, the sus])ensory pedicle 
of the lower jaw is reduced to two pieces, as in Batrachia. In 
the Lepidosireri it is represented, as we have seen, by a single 
osseous piece; but this 1 regard as the homologuc of only tlie 
lower half of the pedicle in the Muraman, viz, the confluent pre- 
and hypo-tymj)anic pieces. This progressive simplification, or 
diminution of the multiplied centres of ossification of the tympanic 
pedicle of Fislies, even within the limits of the class, has mainly 
weighed with me in rejecting the Cuvierian view of its special 
homologies; according to which, not only the squamotemporal 
bone and the malar bone of higher animals, but also the ‘syinplectic’ 
— a f)eculiar ichtliyic bone — are superadded to the ^tympanic’ 
or quadrate bone of Reptiles and Birds, in tli^ formation of the 
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suspensory pedicle of the under jaw of Pishes. Ascending to the 
higher gcneralLsations of homology, we see In the tympanic, pedicle 
a serial rcjietition of the palatine hone ; and, in both, the ribs or 
plcurapophyses of contiguous vcrtebnc specially modified for the 
masticatory 1 unctions of the ai'ches they support. 

The mandible, figs. 81, 84, 29, 32, is the lower portion of the 
arch, being articulated to the hypotynrjljinlcs above, and closed by 
a ligamentous union or bony symphysis ivith its lellow at its lower 
end. The term ‘ ramus ’ is applied in Anthropotomy to each half 
of the mandible, and each ramus consists of two, three, or more 
pieces in different fishes. Most commonly it consists of two 
pieces, one (hieinapophysis proper, 29,) articulated to the suspensory 
])C(ru*le, and edentulous, analogous to the maxillary; and the other 
(Ineinal s|)liie, 32,) completing the arch, and commonly supporting 
teeth, like the premaxillary. Jn tlic Cod, and some other fishes, 
a third small j)icce is superadded, at the angle of the posterior 
|/iece, fig. 7o, 30. Tlie dentary, 32, is deeply excavated, and 
receives a eylindrlcal cartilage, the remnant of the embryonal 
liienml arch, iig. (]9 A,^/, and the atsscIs and nerves of flie teeth. 
4'hc Sutlis, fig. 88, the I’olyptcrus, and Amia, have the splint- 
like plate along tlie inner 
.siirfiuH? of the ramus, called 
^ splenial : ’ it sup|K)rts teeth 
and devclo|)es a coronoid jiro- 
cess. In l)oth Sudis and Le- 
jiidosteus there is siiperadd(*d a 
small bony piece, ib. 29 answering to the snrangnlar in Reptiles. 

The i)wcrijhi(j Ajrpevilaffa of the tympaiio-mandibular arch 
consists of the bones Avhich support the gill-covcr, a kind of sliort 
and broad fin, the movements of Avliich regulate the ])assagc of 
the currents through the branchial cavity, opening and closing the 
branchial a])ertiire on each side of the head. The first of these 
^o]>crcular’ bones is the preopercular, fig. 7o, 3t, Avhicli is usually 
the longest in the vertical direction. In the Gurnards, or mailed- 
chcckcd’ Fishes, fig. 82, the preopercular is articulated with the 
enormously developed suborbital scale bone, 73. 

Tliree bones usually constitute the second series of this 
ap])endagc: the up|)er one is commonly the largest and of a 
triangular form, thin and with radiated lines like a scale: it is 
the opercular, figs. 75, 84, 35 : in the Cod it is principally connected 
^vnth the posterior margin of the preo|)ercular, and below with the 
‘^ubopcrcular, ib, 3c; but it has usually, also, a partial attachment 
to the outer angle of the epitymjiainc, fig. 84; and iS some- 




124 ANATOMY OF VERTEBRATES. 

times (^Diodon, LophiuSy Anguilla^ exclusively sxispencled therefrom. 
Ill the Lophius piacatorhis the opercular IkS a long and strong bone 
suspended vertically from the convex cpltympanic condyle, and 
with a long and slender fih-ray proceeding from the back part of 
that joint. The suboperciilar forms the chief part of the ojierciilar 
fin by its long backwardly produced lower angle. The sub- 
opercular bone in the Conger is soon reduced to a mere ray, 
which curves backwards and upwards like one of ihe branchio- 
stegals. The opercular itself, though shorter and retaining more 
of its laminated form, also shows plainly, by its length and curva- 
ture in the Eels, its essential nature as a metamorphosed ray of 
the tympanic fin. We have seen that all the framework of this 
fill had the form of rays in the Plagiostomes. In Muricua the 
small ojierciilar bones articulate only to the iimler half of the 
tympanic pedicle. The suboperciilar is wanting in the Shad. 
The lowermost bone, called the interopercular, figs. 75 , 84 , 37, is 
articulated to the ])rcopercular above, to the sul)o[)ercular behind, 
and usually to the l)ack part of the mandildc; it is attached, also, 
in the Cod, liy ligament to the coratohyoid in front. The inter- 
opercular and preopercular are the ])arts of the apjiendagc which 
are most elongated in the peculiarly lengthened head of the 
Instidarin, 

Tlie third inverted archof tTie skull is the ‘hyoideaTV,Tig. 81,3S 4 i, 
and is suspended, in Osseous Fishes, through the medium of the epi- 
tympanic bone, 25, to the mastoid, s; showing it to be the luemal arch 
of the parietal vertelira. The first portion of the arch, stylohyal, fig. 
85 , 38 , is a slender styliform bone, which is attached at the upper 
end by ligament to the inner side of the epitymjianlc, close to its 
junction with the mesotympanic, and at the lower end to the 
apex of a triangular plate of bone, which forms the upjier portion 
of the ‘ great cornu.’ I ajiply to this second piece, which is |)retty 
constant in fishes, the name of efiiliyal, ih. 3i) : the third longer 
and stronger piece is the ceratoliyal, ib. 40 . The keystone or 
body of the inverted hyoid arch is formed by two vSmall subcubical 
l)oiics on caidi side, the basihyals, ib. 4i. These complete the 
bony arch in some fishes: in most others there is a median 
styliform ossicle, extended forward from the basihyal synqdiysis 
into the substance of the tongue, called the glosso-hyal, ib. 42 ; and 
another symmetrical, but usually triangular, compressed .bone, 
which expands as it extends backwards, in the middle line, from 
the basihyals ; this is the urohyal, ib. and fig. 75 , 43 . It is connected 
witli the symphysis of the coracoids, which closes below the fourth 
of the firaiiial inverted arches, and it thus forms^thc isthmus which 
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separates below the two branchial apertures. In the Conger the 
hyoidean arch Is Ksimplified by the persistent ligamentous state of 
the stylohyal, and by tlie confluence of the basihyals with the 
ceratohyals ; a long glossohyal is articulated to the u[)j)er. part of 
the ligamentous symphysis, and a long compressed urohyal to the 
under part of the same junction of the hyoid arch. The glosso- 
hyal is wanting in the Munmophia. 

The Dwcrgiiiff Appendatje of the hyoidean arch retains the form 
of simple, elongated, slender, slightly curved rays, articulated to 
depressions in the outer and posterior margins of the epi- and 
corato-hyals : they are called ^ branchiostegals,’ or glll-coyer rays, 
fig, 85, 44, because they support the meinbrano which closes 
externally the branchial chamber. The number of these rays 
varies, and their presence is not constant even in the bony Fishes : 
there are Init three broad and flat rays in the Carp ; wdiilst the 
cln|)eoid Elops has more than thirty rays in each gill-cover: the 
most common number is seven, as in the Cod, fig. 75, 44. They 
are of enormous length in the Angler, and serve to support the 
membrane which is developed to form a great receptacle on each 
side of the head of that singular fish. 

^rhe fourth cranial inverted arch, fig. 81, 50 — 52, II, is that 
which is attached to the paroccipital ; or to the ])aroccipital and 
mastoid; or, as in the Cod, to the^paroccipital and petrosal; or 
as in the lhn*ch, fig. 85, 50, and Shad, to the paroccipital and 
basioccij)Ital ; thus either wholly or in part to the parapophysis 
of the occii)ital vertebra, of which it is essentially the hienial 
arch; It is usually termed the ^ scapular arch.’ In the Eel tribe, 
where it is very feebly <leveloped, and sometimes devoid of any 
diverging appendage, it Is loosely suspended l)ehind the skull ; 
and in the riagiostomes, fig. 30, 51, 52, it is not directly 
attached to its j)roper vertebra, the occijiut, but is remo^'ed 
fm*ther back, where w^c shall usually find it dis])laccd in higher 
Vertcbrate^s, in order to allow of greater freedom to the move- 
ments of the head. 

The superior piece of the arch, ^snpra-scapiilar,’ figs. 81, 85, 
oo, is bifurcate in the Cod, or consists of two short columnar 
bones, attached anteriorly, the one to the paroccipital, the other 
and shorter piece to the petrosal, and coalescing posteriorly at an 
fieute angle, to form a slightly expanded disk, from which the 
second piece of the arch is suspended vertically. This piece, 
called ^scapula,’ ib. 5i, is a slender, straight bone, terminating in 
a point below, and mortised into a groove on the upper and outer 
side of the lowe^* and principal boncf of the scapular aiscli. The 
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siiprascapula and scapula together represent the rib or pleur- 
apophysis of the occipital vertebra ; they arc always confluent in 
the Siluroids. Tlie lower bone ^ coracoid,’ ib. 52 , completes the 
arch. In the Cod Its pointed upper extremity ])rojects behind 
the scapula ; the middle [)art develo])cs backward a broad jflate 
giving attachment to the radiated appendage of the arch : the 
lower end bends inward and forward gradually decreasing to a 
point, Avhicli Is usually connected to that of the opposite coracoitl 
by ligament, and also to the urohyal. In the Silurlilie the 
coracoids expand below, and are united together l)y a dentated 
suture. In all Fislfes they support and defend the heart, and Ibnn 
the frame or ^ sill ’ against which the opercular and branchiostegal 
doors shut in closing the branchial cavity : they also give attach- 
ment to the aponenrotic diaphragm dividing the pericardial from 
the abdominal cavity. 

The bones of the bead being in completest nnml)cr, de- 
parting Icjist from the vertebral pattern, and susceptible of the 
most intelligible definitions in the class of Fishes, aiford the best 
basis for determining their bomologies and fixing llieir nomencla- 
ture in the liigher vertebrate scries. 

§ 31. Shull of Cheloida, If the back part of the skull of a 
Turtle {Chdonoy fig. 89) be coin])ared witli 
thatofaCod, fig. 77,it will i)e seen that the 
lowest bone, i, offers an articular surfaee 
for the centrum of the atlas, passes for- 
Avard, expanding, to articulate with the 
basis pherioid, supports the ^incdullM ob- 
longata,’ and is suturally articulated abovii 
to the pair of bones, tig, 89, 2, 2 , wliicli pro- 
tect the sides of the epencephalon. These, 
moreover, transmit the hypoglossal and 
vagal nerves, develope each an articulation for the neurapo[)hyses 
of the atlas, and converge above to support the keystone of the 
arch, 3. We have, thus, unmistakeablc characters of the basi- 
ex- and supcr-oceipitals ; there is also a bone, 4 , Avedged betAveen 
the ex- 2 , and super- 3 , occipitals mesially, and joined laterally 
to the mastoid, s; excavated on its inner surface by the postero- 
external semicircular canal, and produced on Its outer surface for 
the insertion of the ‘biventer ccrvicis’ and ‘ complexus’ ; it is the 
homologuc of the paroccipital (‘ occipitale externe,’ Cuvier), and 
bears the same general relation to the liindmost vortcliral segment 
of the skull Avhich the mastoid, 8, docs to the next segment in 
advance. » ' • 


so 



B;u-k vitjw rranlniu, Turtle 



ANATOMY OF VERTEBRATES. 


127 


In fig. 90, the centrum i, nciirapophyses 2 , and neural spine 
3 , of the cpencepliallc arch, arc seen from their inner or cranial 
surface: with the increasing bulk of the brain, the spine, 3 , 
begins to expand laterally, and take a greater share in roofing 
over the hinder part or cpeucephalon : the para[)ophysis, 4, is 
excluded in this view. The gristly capsule of the ear-organ fills 
up the otocrane formed by the bones, jif 3, r>, and 6; and extends 
outward and backward to enter the basal cavity of 4 , the par- 
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oc(*ipital : were ossification to extend into the acoustic capsule, 
either from an independent centre, like lo, figs. 81, 83, 84, or 
by continuous growth from any of the otocranial bones, the true 
liomologue of the ‘ petrosal ’ or ‘ petrous portion of the temporal 
l)onc ’ of Anthropotomy would be established. In some Emydians 
there is a small autogenous bony plate in the acoustic cartilage, 
close to the foramen caroticum. 

The basisphenoid, 5, continues forward the scries of cranial 
centrums, expands beneath the cranial cavity, articulates on each 
side with the alisphcnoid, 6, and sends out from its under and 
lateral surface a plate to articulate with the pterygoids, fig. 98 B, 24 , 
and, in the Enn/Sy with the petrosal. The alisplienoid, 6, fig. 90, 
protects the side of the mesencephalon (optic lobe), is widely 
notched anteriorly by tlic emerging divisions (2nd and 3rd) of the 
trigeminal nerve, is i)erforatcd posteriorly by a filament of the 
acoustic nerve, where it joins the cartilaginous petrosal ; it 
articulates above with the mastoid, s, and parietal, 7, and in 
front with the orbitospheuoid, 11 . The anterior semicircular 
canal is partly lodged in the cavity (tf the otocrane contributed 
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by the alisphenoid. Tims in the bone 6, we liave all the characters 
of that so numbered in figs. 81, 83, and 85, and called ^ ali- 
sphenoid ’ in the fi>sh. The chief modification is due to the greater 
developeriient of a, fig. 90, in Chelouia, which overlaps 6 as well 
as 2 . 

The parietals, figs. 90, 91, are united, as in Cyprinoid and 
Ganoid fishes, by the sagittal suture, and arc much expanded both 
transversely and longitudinally, overlapping, in the Turtle, the 
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superoccipltal, fig. 90, 3, and articulated with it and the mastoids, 
fig. 91, 8, behind; and with tln^ frontals, ib. il, before, lluch 
jmrietal, also, sends down a long vertical plate, 7', lig. 90, which 
unites with the alisphenoid, r», and orbitosphenoid, lo, this ossifu^a- 
tiou taking the place and function of the latter neurapophyses in 
fishes. 

The bone, figs. 89, 91,8, which articulates with the paroe.cipital 
4, parietal 7, and postfrontal j 2 , which affords the surface of attach- 
ment to the upi)er end of the tympanic 28, enters into the for- 
mation of the acoustic chamber in some Emydlans, and projects 
outward and backward to give insertion to the latissimns colli 
and trachelomastoideiis, repeats the chief and essential characters 
of tlic bone so numbered, and called ‘ mastoid ’ in Fishes, figs. 75, 
76, 83, 85,8: and forms the transverse process of the parietal 
vertebra. 

The forward continuation of the vertebral bodies from 5 remains 
cartilaginous ; the lower Half of the sides of the proscnceidialoii 
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arc defended ]>artly by fibro-cartllage, ])artly by the exogenous 
descending lainelhe, 7 ', of the parietals : there ai'o no separate ossifi- 
(iaiions answering to 9 and 10 in fislics.* The frontals, iigs. 90, 91, 
11 , are supported like an arch between the parictiils 7 and pre- 
frontals, u: and (»ach sends down a longiludinal lamella, bound- 
ing the sides of the narrow anterior (!ontinuation of tlie bi*ain- 
ehainber, as in PoUjptmiH ; but contiriucd'by an iinossified plate to 
tlie cartilaginous presphenoid and vomer below. The ]>ostfrontal, 
fig. 91, 12 , extends from its connections with the trontal ii, and 
parietal 7 , downward and backward to unite with the mastoid, 8, 
in the Turtle, and with the malar, 2r», and s([uamosal, 27, in all 
Chdonia. It forms the ]>osteri(>r boundary of tlie orbit, but does 
not contribute any share to the jiroper cranial walls. 

'!i'he median symmetrical bone, fig. 90, 13, which, like a hypa- 
])ophysis, is developed in the lower part or production of the 
notochordal capsule, Avhiidi nnderlaps the anterior end of the 
basi-pre-sphenoid, 5, by its narrow lilnder [lart, — ex])aiiding as it 
axhanccs to articulate witli the prefrontals, 14, — having the [lala- 
tine bones, ib. 20 , alrnttlng against tlie broad anterior paa’t, and 
entering by its under surface? into the fornnition of the roof of the 
mouth, fig, 98 n, w, repeats tlie (*ssential cliaraeters of tlie bone so 
nnnibered and termed ‘ vomer’ in Fislu'S, figs. 81, s;!, 84, 80 , 13 ; 
and, like it, represents the centrum of the foremost segment of the 
vorteliral sevies. The vomer is single in Chehmia^ws in most fishes. 

The bones, fig. 90, I4,in neiirapojdiysial relatiou with the vomer, 
pnitecilng the sides of the rhiiieiiccphalon or olfactory bulbs, 
entering into the antero-sujierior boundary of the orbit, t*ormiiig 
part of the surface of attachment of the palatines, snjiportiug 
tlie fort? ])art of the frontals, and connected, but more (!ommonly 
nnmate, with the nasals, ib, ns fig. 91, u, repeat the essential 
characters of the prefrontals of Fishes, figs. 8^1, 85, 14. Connate, as 
in Chdoniu they nsually are, with the nasals, tlieir outer expanded 
l‘late unites with the maxillary, lig. 91, 21 , and completes the 
npper border of the nostril, I 8 . 

The jiahitines, figs. 90, 98 b, 20, form the sides of the roof of the 
niouth, articulating medially with the vomer, 13, y/, and laterally 
'vith the maxillary, 21, and pterygoid, 24. The maxillary, figs. 
510, 91,21, presents a |)alatal, facial, and orbital plate, '.riie ])ahital 
plate, fig. 98 B, 21, developes a masticatory ridge jiarallel with the 
"^harp alveolar border. The facial plate, fig. 91, 21, shows the con- 
^icetions with the prcfront()-nasal, u, the premaxillary, 22, and the 
iiialar, 2 g ; the orbital plate is usually perforated by the lacrynuil 

* xxxviii. ; Tab. xxi. fig. 89, 1 , r. * 
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canal, the bone so called hoin^: Ovssllied conthiuously, as a process, 
from the maxillary. The premaxillaries, figs. 90, 91, 22, closing the 
arch anteriorly, are very small in all Chelonia, and the sutures 
marking them off from the maxillaries are wanting in some 
Mnd-turtlcs {^Tetronifx JoufficolUs, Fitz. Tnonyx the 

premaxillary part of the facial ])rofile is vortical in many Chehmia^ 
as in fig. 91 : but in Trtronyx it exteiula from the nostril down- 
ward and backward — the reverse ol' prognathism. 

The ])terygoid, fig. 90, diverges from the vomer and pala- 
tine, or from the palatine and maxillary, fig. 98 b, backward and 
outward: uniting, in Cheionc, with its fellow below the basi- 
s])henoid, fig. 90, n, and diverging outward and backward to abut, 
at r/, against the tympanic, 28. In some Soft-turtles, e.g., Trionyx 
{ Gymnnpiit:) iudk as, Xhc vomer is directly continued from thebasi- 
pre-sphenoid, and divides the ]>tcrygoi<ls from each other. 

A second outer bar of bone, fixing the maxillary arch to tlie 
tympanic, is present in all C/felo/rk/^ and divided into hvo pieces. 
The proximal piece, fig. 91, 26 , is articulated with the maxillary, 
21, ont(Ws into tlie lower and back ])art of tlie orbital bonhn*, unites 
superiorly with the postfrontal, 12, and posteriorly with the seeond 
piece, 27. To the bone, 2r>, the term ‘lUMlar’ is given; to tin* 
bone, 27, the name s<|uainosal.’ The latter, resembling a vertical 
scale or ))Iate, articniatos above with the postfrontal, I 2 , and 
mastoid, 8; and heliind with the tympani(‘, 2S. It complet(‘s the 
arch called ‘ zygomatio,’ bounding externally the temporal fossa, 
which is roofed over by bone in the Turtles (figs. 89 and 91), and 
a fe^v Fiinyds; but is widely open above in other Chdonki, 

The tyin])anic pedicle is a siiigh? bone, fig. 91 , 2S, expanded above, 
with a more or h*ss cir<!ular border for the insm tion of the. inein- 
brana tyinjiaiii; exeavated internally Iiy the tymjianic air-cells; 
notched behind for tlio recejition of the columellar stapes, as in 
the Turtles, fig. 91 ; with a narrower cleft in Tetronyx^ and with 
the borders uniting in the TorUuses and some other CkdfmUh 
reducing the stapedial passage to a foramen or canal, fig. 92, 2 S. 
The lower end of the tympanic supports a transversely extended 
condyle wdtli an undulated or nearly flattened surface. The tym- 
panic articulates above with the paroccijiital, fig, 89, 4, in some 
species with the alisphenoid, in others with the superoccipital, as 
well as wnth the mastoid, ib. and fig. 91, 8. 

The mandible consists of an ‘ articular’ element, small, but dis- 
tinct in the Turtle, fig. 91, connate in Einys with the ‘ suran- 


^ XLiv. No. 954, p. 185. 
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gular/ fig. 92, 29 ; of an ‘ angular’ coiitmued into «‘x * splenial,’ ib. tio ; 
of a ^.coronoid/ ib. 20 '; and of a ‘ dentary,’ ib. 32. All Chdonia 
arc edentulous: tlie alveolar borders of both u])per and lower 
jaws are sshcathed with horn: but In a fow^ species, es]jecially the 
soft turtles ( T’r/Vywyr, 'retrom/x) these Ijorders are notched or pro- 
duced into tooth-like j)ro(?o.sses. The dentary eleincnts coalesce 
at the symjjhysis; which, in the SnapjitJi-s, especially Chdj/dra 
{ Chdmtura) Tetumhickiiy is produced into a sharp hook. 

The hyoid arch consists of a hasiliyal, fig. 92, 11 , a pair of short 
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processes, ib. c, giving attachment to the genio- and hyo-glossi 
luusclcs : of a pair of long ceratohyals, 4o, by which the arch is 
J^uspended to tbe inastoids ; and of a pair of hyohranehials, 47. To 
complete the series of skull-bones homologous with those of the 
represented in fig. 81, it is necessary to bring forward the 
^e}i])ular arch which had receded a short distance from its vertebra 
iri the Ihitradiiay fig. 42, 52 , from a more remote position in the 
(Jltdonia ; we then find that r)i, fig. 92, answers to the scapula, 
HI, 51 ; and that 52, fig. 92, answers to the coracoid, fig. 81, 52 : 
the diverging scries of many-jointed rays in the fish, fig. 81, arc 
developed into the fore-limb, fig. 92, 53 — 58. 

K 2 
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In this figure the several hones of the head of the Eiu*o])oaii 
Box-terrapeue Europway AVgh) arc? reprcs(?nted, disarti- 

eulated, in a side view of thc?ir vertebral relations. Beneath the 
Roman figure, i, are the eentruin, i. ncurapophysis, 2 , neural 
spine, and ])arapophysls 4, forming the neural (ejKmeejJialie) 
arch ; witli the plcurapophysis, 51 , and hiumapophysis, 52, forming 
the hiemal (scapular) arch, with its appendage, of the occipital 
vertebra. Ikmeath 11 are the centrum, 5, the neurapophysis, 
0, the neural sj>liio, 7, the ])ara])0])hysls, s, forming the neural 
(mesencephalic ) arch : froiii 8 is sus]>eudcd by an iinossilied 
]»leurapophysis tlie luemapophysis, 40, the Inemal s])ino, 4 i, with 
the a|>|K'ndago, 47, of tlie haanal (liyoidean) arcli of the |)aru?tal 
vertebra. Under ill are the neiira]>ophysis, le, neural spine, ii, 
and parapophysis, 12, forming the neural (prosen<*ephaIic.) ar(*h ; 
with the ])lenrapo])liysis, ‘js, and composite luemapophysis, 22 — :i 2 , 
forming the hieiiial (mandibnlav) arch ol‘ the iVontal vertebra, of 
whicli the centrum is not an Independent ossification. Benoalh 
IV are, the ccfiitriim, la, the connate neurapophyses and neural 
spinesf 14, forming the neural (rhinen(*ei)halic) arch; with tin? 
plourapopliysis, 2i>, ha?mnpo])hvsis, 21, and haunal spine, 22, 
forming the luenuil (maNillary) arch of the nasal vertebra. The 
diverging ap]>eii(lages, for the fixation of* this lucmal ai'cli are 
more developed than in Fishes, where it retains more of‘ its 
typical mobility. Besides the appendage, 24, of the pleurapo- 
physis, tliere is now another, extending in two successive 
segments, 2(1 and 27, from the hamiajiophysis. The sphuKrhnic 
ossicle, ir/, is part of the acoiistu* organ: ihe circle of bones, 17, 
bc'long to the visual organ. Such are the ‘general homologies’ 
of tin? bon(!s of* the chcloniau head, in reference to the vcrtelwate 
archetype, fig. 21. Compared with hones of the })iscino head, 
fig. 81, jireviously named and characterised, those of fig, Ij2 are : — 

1. Basioccipital, 

2. Exo(?cipital. 

a. Superocci])ital. 

I. Parocci])ital. 

5. Basisphenoid, 

fi. Alisphenoid, 

7 . Parietal. 

8 . Mastoid. 

0. Presphenoid (unossified). 

10. ( )rbitosi»henoid (in great part cartilaginous). 

11. Frontal. 

• J2. PostffoJitid. 
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13. Vomer. 

14 . Prefrontal (with, 1 5, nasal, (listinct in some Chdonia\ 

iG. (Petrosal, ii moss I fied from an indcpeiulont centre); ir/, a 
snperadded ossicle, ‘■ stapes,’ ^ colinnella’ ; with a gristly represcm- 
tative of ‘ nialleus;’ in s|)ecial relalion to an organ ui* hearing aif(*cted 
hv vibrations of air: superaddcd to all the bones dcvclo})ed in and 
from the (?inl)ryoMie lueinal arch called ^l^leckel’s process.’ 

17. Sclerotals. 

\<), Tnrbinal (unossificd). 

20 . Palatine, 

21. Maxillary. 

22 . Premaxillary. 

24 . Pterygoid, with ossification extending inlo the seat ot 23, 
cnto-pt(‘rygoid. 

2G. ]\lalar (not answering to the Ixmo .so nnmbered in fig. 81). 

27. Srjiiamosal (ib. these bc^nes do not exist in Fishes), 

2 s. Tympanic (lierc a single bone; its subdivisions are 25 — 28 
in fig. 81). 

29. Articular with Siirangiilar. 

21 )', (!oronal. 

30, Angidar witli Splenial. 

32. I)(‘ntai*y. 

40. Cerati>hyal, 

II. Hasihyai. 

47 , (?eratt)-l)ranchi{d, (or thyrohyal ’ in reference to the 
larynx of air-breathers, a new developcnient n})on the vestige 
of the branchial apparatus of fishes). 

50 . Suprascapvda (unossified). 

51. Scapula. 

52. Coracoid. 

52'. Acromial process of scapula. 

53. liumerus (rarely a separate ossifioatioii in Fishes). 

54. Ulna. 

55. Kadi us. 

50. Carpus. 

57, 58. Digital rays. 

Tiie chief differences in regard to tlic presence and absence of 
bones betAveen the Tortoise and the Fish arc seen in those 
helonging to tlie category of ^ diverging appendages : ’ thus the 
Miranchiostegals,’ 43, and ‘ opcrcuhirs,’ 34 ■ — 37, fig. 81, are sup- 
pressed in the Ke[)tile ; while the ‘ malar,’ 20 , and squamosal, 
27, arc not dcvclojied in the fish, Somc^ minor, but intere^sting, 
modifications of craaial structure present themselves within the 
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limits of the Clicloninn order. Fi^s. 90 and 91 exemplify that 
wliieh prevails in the marine species ( Chelonf^). In them the head 
is proportionally larger; and, being incapable ot retraction within 
the cai*apacc, is additionally protected by extension of bone into 
the fascia covering the temporal muscles, so as to ibnn a complete 
osseiis vaulted roof over the temporal fossie, due to exogenous 
growths from the postfrontals, fig. 91 , 12 , the parictals, 7 , and tlie 
mastoids, 8. 

In the almost sole instance in whiidi such accessory defence is 
afflu'dcd to a non-marine species — the Brazilian Fij)itu (Podn- 
cne?nis - tha temporal roof is chierty formed by the 

]>arietals, and is completed latiTully by a largi't* pn^portion of the 
squamosal than of the postfrontal, which does not exceed its 
relative size in other TeiTapeiies. The j)rcsent species further 
diifers frt>m the marine Turtles in the non-ossification of the 
vomer and the consequent absence of a sejitum in the ]>osterior 
nostrils ; in the greater brcaidth of the pterygoids, Avhicli send 
out a compressed rounded process into the temporal dc|»ressi()ns : 
the orbits also are much smaller, and are bounded Ix'hind by 
orbital processes of the postfrontal and malar bones: the mastoitls 
and paroccipitals arc more produced backward, ainl tluj cntir(^ 
skull is more dejiressed than in the Turtles. In other freshwater 
Tortoises (Emi/s, ike,), the parietal crista is continued into tlie 
occi])ita1 one without being extended over the tenqioral fossre; 
the fascia covering the muscular masses in these fossie umhu'going 
no ossification. The bony hooj) for the menil)rana tympani is 
incomjdete behind, and the cohimelliforni sta})cs passes through a 
notch inst(*ad of a foramen to attain the tympanic, membrane. 
The mastoitl is excavated to form a tympanic air-(xdl. 

In the true Tortoises the temporal depressions are ex|>oscd, as in 
the Tcrni|)enes: the head is pro|K)rtioimlly small and can l)e 
Avithdrawn heneath tlie protective roof of the carapace. The skull 
is rounder ami less de|)ressed than in the Terraj)encs, The 
tympanie hooj) is notelied behind, but the eoluinelliform staj)cs 
passes through a small foramen. The palatine processes of the 
niaxillaries are on a plane much below that of* the continuation of 
the )>asi.s cranii formed by the yomer and palatines. 

In the soft-turtles (^TnonUddxv.)^ the skull is long, depressed, 
triangular, the muzzle forming the obtuse apex, and the bas(* 
remarkable for its four backward prohiugations. The inferior of 
these is the shortest, and terminates in the occipital condyle; the 
superior is the longest, ijiul is formed by the siiperoceipital spine: 
the two lateral processes arc developed from the paroccipitals ami 
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inastoids. The premaxillary is either wa-iitiiig, or it is very small, 
and r(?presentcd by its alveolar border only; the maxillarics 
meeting above it. The alveolar borders of both up])er and lower 
jaws show a regular series of vascular i)its or foramina, indica- 
tive of the primitive separate matrices, like those of teeth, which 
laid the foundation in the young animal of tlie continuous horny 
coverings of the jaws. 

Temminck's Snap])er {Chelonura Temmiiichit) is remarkable for 
the upper convexity and enornious expanse of the cranium, chietly 
due to the temporal fosste, contrasted Avith tlie short and narroAV 
face. In a fossil ehelonian from the Portland stone ( W/. planiccps) 
and in another from the Chalk ( Ch. jtu/chneeps) the nasals were 
distinct from the prelrontals, which is a rare excei)tlon in existing 
species. 


on 



Side vimv of cratiial vcrti’i>r:c and j'cnso-raiisulos, (.'roi’Oililt? 

§ 32. Skull of CrovodlUa . — Passing next to the skull of the 
Crocodile, Ave find the first difference in the less complex condition 
of the epencephalic arch, fig. 93, N i, Avhich consists of four, instead 
of, as in the Fish and Turtle, six bones. The basioccipital, figs, 93 
and 94, i , presents, like the centrums of the trunk, a convexity at 
its posterior articular surface ; but its anterior one, like the hind- 
most centrum of the sacrum, unites Avitli the next centrum in ad- 
vance, il). 5, by a flat rough sutural surface. Like most of the cen- 
trums ill the neck and beginning of the back, that of the occiput 
devclo|)es a hypapophysis, but this descending process is longer and 
larger. The exoccipitals, ib. 2, articulate suturally, like the ncur- 
apophyses of the tiuink, with the upper and lateral parts M’ their 



130 


ANATOMY OF VERTEBBATES. 


centrum; are concave mesial ly, fig. 94, 2 , towards the brain-segmcnt 
winch they protect, meeting above it to supiiort the neural spine, 3 ; 
they develojie a pcitrosal [date, which meets a corrcsjionding one 
from the alis[)lienoid ; they give exit to the vagal and hy[) 0 - 
glossal nerves, and send outward a strong process, fig. 93, 4, 
which articulates with tlie mastoid and tyiin)anic. The anterior 
and inner ]>art of the base of this process is excavated by ]>art 
of the acoustic cavity: its outer extremity is rouglifor the attach- 
ment of muscles : it thus repeats the essential characters of the ‘ par- 
occipital ' in the Fish and Turtle ; but it is ossified, as an exogenous 
transverse [irocess, from the neurapophysis (exoecipital, 2 ). The 
superoeclj)ital, figs. 93 and 94, a, is broad and flat, like the 
similarly detached neural spine of the alias; it advances a little 
forward, beyond its sustaining neurapopliyses, to protect the ui)[>er 
surface of the cerebellum ; it is traversed liy tympanic* air-cells, 
and assists with the cx- and [)ar-occi[>itals, 2 , 4, in the formation of 
the ear-chamber. 

Procec.*ding witli the neural arcdies of the Crocodile’s skull, if we 
dislocate the segment in advance of the oc^cipiit, fig. 93, x 2 , we 
liring away, in connection with llie long bascsbone, 5 , the bone, n. 
1 ho two connate; cranial centrums must be artiti(‘ially divided, in 
ordei’ to obtain the segments distinct to which th(;y Ixdong. The 
hinder portion, 5 , of (lie great basc-beme, Md)h*h is the centrum of* 
the parietal vertebra, is the basispheiioid. It supports that j)art 
of the meseiiccphalon,’ which is formed by the lobe of the tliird 
ventricle, and its upj)er surface is excavated for the [)iluitary 
[►rolongation of that c*avity. The basisplienoid develoj>es from its 
under snrfaee a ‘ hypapo])hysis,' which is suturally united with ilic 
fore parted that of the basioccipitakbut extends further down, and is 
similarly united in front to the ‘ pterygoids,’ fig. 94, 2 1 . These rougli 
sutural surface's (d*the long descending jnwess of the basisjdienoid 
are very characteristic; of tliat centrum, when^detached, in a fossil 
state. The nenrapojdiyscs of the; ])arietal vertcimi, 6, f., the ali- 
sphenolds, protect the sides of tlic mcscmcejdialon, and nre notched 
at their anterior margin, for a conjugational foramen transmitting 
the; trigeminal nerve. As ac;c;cssory functions tln;y contril)utc;, like 
the corrcs])oncrmg l)ones in fishes, to the formation cd" the car- 
cdmniber, lliey have, Jiowever, a little retrograded in position, 
resting l)clow in part u[H)n the oc;.C4pital centniin, and suj)portiug 
more cd* the s[)ine of that segment, 3 , thau of their own, 7 . The 
spine of tin; parietal vertebra (parietal, figs. 93, 94, 95, 7 ), is a single, 
depressed bone, like that of the occdpital vertebra ; it completes 
the mcfeenceidiulif; arch, as its crown or key-bone ; it is [)artially 
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exCcavated by tlie tympanic air-cells, and overlaps the superoccipital. 
Tlie bones, ib. 8, 8, wedged between r, and 7, are developed from 
indepeiidetit centres, and preserve tjieir individuality, as in Fishes. 
They form no part of the inner walls of the cranium, but are 
|)artially excavated by the tympanic cavity, and send outward and 
j){ickward a strong transverse ])roccss for muscular attachnumt. 
Tliey aiford a ligamentous attachment the luernal (hyoid, fig. 
OB, If 2, 4o) arch of their own segment, and articulate largely with 
the plcurapo])liyses, (tympanic, ib. 28), of the antecedent hirrnal 
arch, whose more backward displacement, in comparison with its 
position in the fish’s skull, is well illustrated in the metamorphosis 
ol* the -Frog, figs. GO A and 71. 

On removing the neural arch of the parietal vertebra, after the 
section of its confluent centrum, the elements of the corresponding 
arch of the frontal vertebra, fig. 03, x Ml, are seen to ])rcscut the 
sam(^ arrangement. I.'he compressed produced centrum (presphe- 
noid, il). o) has its form modified like that of the vertebral centrums 
at the o|)positc extreme of the body in many birds. The neurapo- 
])hyses (orbitosplumoids, ib. lo) articulate with the upper part of 
; they are expanded, and smoothly excavated on their inner surlace 
to su])port the sides of the large jn'oseiicephalon, showing more 
])lainly their archety]>al character than in ClirIo/n((.; they dismiss 
the optic nerves by a notch. They sIioav the same tendency to a 
retrograde change of position as the neighbouring neurapophyses, 
li: for though they su[)))ort a greater proportion of their proper 
spine, 11, they also su[)port part of the parietal sj)inc, 7, and rest, 
in part, l)ehnv u|)on the parietal centrnm, 5. The neural sj>ine, ii , 
of the frontal vertebra retains its normal character as a single 
symmetrical lume, like the parietal spine which it partly overlaps; 
it also completes the neural arch of its own segment, but is remark- 
ahly extended forward, where it is much thickened, and assists in 
forming the cavities, for the eyeballs ; it is the ‘frontal’ bone. 

In e()ntem])]ating in the skidl itself, or sneh side view as is 
given in fig. 94, the relative ])ositiou of the frontal, ii, to the 
|)arietal, 7, and of tliis to the superoccipital, 3, which is overlapped 
hy the parietal, just as itself overlaps the fiattened spine of the 
ntlas, we gain a couviction wdiich cannot bo shaken by any 
difference in their mode of ossification, by their median bipartition, 
or by their extreme expansion in other animals, that tlio above-named 
?^inglc, median, imbricated bones, each completing its neural arch, 
!^od permanently distinct from the piers of such arch, must repeat 
the same element in those successive arches — in other words, 
must be ‘ liomotypas,’ or serially homologous. In like manlier the 
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serial homology of those piers, called ^ noiirapophyses,’ viz., the 
lamliue of the atlas, the exoceipitals, the alisphcnouls, and the 
orbitosphenoids, is ecpially uiiinislakable. Nor can we shut out of 
view the same serial relatiouslii[) of tlic paroce/ipitals, fig. 9o, 4, as 
coalesced diapophyses of the occipital vertebra, with the mastoids,ib. 
8, and the postlrontals, 12 , as par- or di-apopliyses of their respective 
vertebrie. All stand out from the sides of the cranium, as tranverse 
pi'ocesses for muscular attachment; all are alike autogenous in tlio 
Turtles; and all of them, in Fishes, offer articular surfaces for the 
ribs of their resjieetive vertebrie ; and these characters are retained 
in the postfrontals as well as in the mastoids of tlie Crocodiles. 

The frontal diapophysis, figs. 9o, 95, 12 , is wedged between the 
back part of the sjiine, 11 , and the neurapophysis, 10 ; its out- 
wardly j)ntj(‘cting proccs.s extends backward, and joins that of 
the succcetling diai)ophysis, 8; but, notwithstanding the retro- 
gradation of the inferior arch, it still arti(udates witli part of its 
own plciirapophysial clement, 28, wliich forms the proximal element 
of that arch. 

There finally remain in the cranium of the (h’oeodile, after the 
successive detachment of the foregoing arches, the bones termi- 
nating the fore part of the skull, x 4 , fig. 93 ; but, notwitlistaiid- 
ing the extreme degree of modification to which their extrcm(^ 
position subjects them, we can still trace in their arrangement 
a corresiiondence with the vertebrate type. 

A long and slender symmetrical grooved bone, fig. 93, la, is con- 
tinued forward from the coalesced pterygoids, 21 , and stands in the 
relation of a centrum to the vertical plates of* bone, i t, wliich expand 
as they rise into a broad, thick, triangular ])late, with an cxjiosed 
horizontal superior surface. These bones, the prcfrontals 14, stand 
in the relation of ncurapophyses to the rhinencephalic jirolonga- 
tions of the brain commonly called ‘olfactory nerves;’ and they 
form the piers or hauiiclies of a neural arch, whi(‘.h is comiiletcd 
above by a pair of symmetrical bones, m, called ‘nasals,’ which I 
regard as a divided or bifid neural spine ; the independent basal 
ossification, answering to the vomer in Fishes, figs. 81, 84, la, ami 
Chelonians fig. 98 B, ?/, is in advance of its proper segment, and 
div ided in tlie middle line as in Ganoid Fishes and Hatrachia. In 
some Alligators (/]//. nhjer) the divided vomer (extends far for- 
ward, expands anterioidy, and appears upon the bony palate. 

Almost all the other bones of the head of the Crocodile arc 
adjusted so as to constitute four inverted arcdics. These arc the 
Inemal arches of tliQ four segments or vertelirie, of which the 
neural “arches have been jiist described. But 4hey have been the 
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seat of much gi’eatcr modifications, by which they arc made sub- 
servient to a variety of functions unknown in the hamial arches of 
the rest of the body. Thus the two antefior luemal arches of the 
head perform the office of seizing and liruising the food; are 
armed for that purpose with teeth : and, wliilst one arch is firmly 
fixed, the other works upon it like the hanmier ujurn the anvil. 
The elements of tlie fixed arch, calleil Maxillary arch,’ fig. 93, ii, 
Iv, have accordingly undergone the greatest amount of change, in 
orden* to adapt that arch to its share in mastication, as well as for 
forming ]>art of the passage for the resjaratory medium which 
traverses it. Almost the whole of the upper surface of the max- 
illary arch is firmly united to contiguous parts of the skull by 
rough or sutural surfaces, and its strength is increased by bony 

91 



apptiiidages, whicli diverge from it to abut against other ])arts of 
the skull. Coni|)aralive Anatomy teaches that, of the numer()i»s 
]>laccs of attachment, the one which connects the maxillary arch by 
its elenumt, 20, with the centrum, 13, and with the descending plates 
of the neurajiophyses, I4, of the nasal segment, is the normal or 
the most constant point of its suspension ; the bone, 20, being the 
phmrajiophysial element of the maxillary arch : it is called the 
‘ palatine,’ l)ecause the under surface forms a portion of the bony 
roof of the mouth, called the ‘palate,’ as in fig. 98 c, 20, It is 
articailated at its fore j)art with the bone, 21, which is the hamia- 
pophysial element of the arch. This bone is called the ‘ maxil- 
lary/ and is greatly developed both in length and breadth, fig. 
fid, 21 : it is connected with 20, figs. 94, 98 c, behind and 
with 22 in front, which are parts of the same arch, and with 
the diverging a{)pendagcs of the arch, viz., fig. 9d, 20, the malar 
bone, and fig. 98 c, 25, the cctopterygoid : the maxillary is also 
nnited with the nasals, 15, and the lacrymal, 73, as well as 
with its fellow «f the opposite side. The smooth, expanded 
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liorizontal plate, which effects the latter jnnclioii, is called 
the palatal ])late of the maxillary, fig. 98 c, 21 ; the tliickencd 
external l)ordei\ where this ])late meets the external rough surface 
of the bone, and wliicli is ])erforat(Ml I’ur the lodgment of the 
teeth, is the 'alveolar border.’ TTie luemal .S])ine or key-bone of 
the arch, 22, is bifid, and the arch is completed l)y the s} in]>hysial 
junction of the two symmetrical lialvcs ; these halves are called 
' premaxillary hones : ’ these bones, like the maxiltaries, have a 
rough facial plate, fig. 9 o, 22, and a smooth palatal plate, fig. 98 0, 
22, with the connecting alveolar border. The median .sym])hysis 
is peidbrated vertically throngh both plates ; five outer or upper 
hole being the external nostril, fig. 9 .>, 22, the iiinler or palatal 
one being the ])remaxillary aperture, fig. 98 c, j), 

iiotli the palatine and the maxillary bones send outward and 
backward parts or j>roccsses which diverge from the line of the 
Inemal areli, and give attachment to distinct hones, whieh form 
the ‘ diverging a|)pcndages ’ of the arch, and servo to attaidi it, as 
do tlie diverging appendages of the thoracic luemal arches in tlui 
bird, to iho succeeding arch. 

The aj)pendage, 21, called ' j)terygoid,' (df(‘cts a more extensive 
attachment, and is peculiarly dcvelojKMl in tlie C’rocodilla, As it 
extends l)ackward it expands, unites with its fellow both below 
and al)Ove the nasal canal, cneom])assing it so as to ibrm the hinder 
or palatal nostril, fig. 98 c, // ; the (‘oalescod i)teryg(>Ids articulate 
anteriorly with the divided vomer, the |)alatincs, and the hasi- 
])re-spheiioKl : posteriorly each hroad wing, extending outward, 
gives attachment to a second hone, ib. 25 , call(‘(l ‘ ectoj)terygoid,’ 
which is firmly comieided with the maxillary, 21, tlio malar, 20, 
and the postfrontal, 12. ll\e second diverging ray of the maxil- 
lary arch is of great strength ; it extends from the maxillary, fig. 95 , 
21, to the tympanic, 28, and is divided into two pieces, the malar, 
2n, and the sipuimosal, 27 ; ))oth of which begin to assume more 
IcJigthened and slender ])r<.)]»ortions than in the Turtle (compare 
fig. 95 with 91 ). Such are the chief Crocodilian modifications of 
tlie luemal arch and ap})cndagcs of the anterior or nasal vertebra 
of tlie skull. 

The luemal arch of the froutal vortehra, fig. 92 , it, ill, is 
somewhat less metamorphosed, and lias 110 diverging appendage. 
It is slightly displaced liackward, and is articulated by only a 
small proportion of its plenrapophysis, 28, to the parapojihysis, 12, 
of its own segment ; the major jiart of that short and strong rib 
articulating with the parappphysis, 8 , of the succeeding segment. 
The bone, fig. 95 , 28, called 'tymjianic,’ because i^. serves to support 
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the ^ Jvnm of the ear’ in air-1 )reathing vertebrates, iss short, strong, 
aiul immovably wedged, in the Crocodilia, between the paroecapital, 
4 , mastoid, 8, postirontal, 12, and sfpiamosal, 27 ; and tlie conditions 
of this fixation of tlu^ pleura|)oi)hysis are exemplified In tlie great 
developement of the ha^mapopliysis (mandible), whicli is here 
iinusnally long, 8U))ports nnmeroiis teeth, and reiiuires, therefore, 
a firm j)olnt of suspension, in the violent actions to which the jaws 
are put in retaining and overcoming tlie struggles of a powerful 
living ])rey. ‘ The movable articulation between the tym|>anic, 28, 
ami the rest of the haMiial arch is analogous to that which we find 
IxU ween the thoracic |)leurapophysis and hannapophysis in birds. 
Ihit th(^ hiemapo[»hy\sif? of the mandibular arch in the Crocodiles 
is subdivided iiitn several pieces, in order to combine the greatest 
elasticity and strc'ngtli with a not excessive W'cight of l)one. 11ie 
ditrerent [)icces of this adaptively subdivided element have received 
d('finite names. That inunl)cred 2 U, fig. 93, wdiich offers the artl(rular 
(‘oiu'a^ity to the convex condyle of the tympanic, 28, is called the 
* articular’ piece; that l)eneath it, .30, .wdiich dcvelopes the angle 
ol* the jaw% when this ])rqjc(*.ts, is the ‘angular’ ])ie(X'; the iiiece 
above, 20 , and c, fig. 95, is the ‘ surangidar the thin, broad, flat 
])iece, ai, tig. 93, ajijilied, like a s]>rmt, to the inner side of the 
other parts of the mandilde, is the ‘splenial;’ the small accessory 
ossicle, ai', is the ‘cororioid,’ because it (leveloj)es the jiroecss, so 
called, in lizards; the anterior jiiece, . 32 , wdiich supports the teeth, 
is called the ‘ deniary,’ The ]mrport of this subdivision of the 
lower jaw"-1)one has been wadi explained l>y Conybeare' and 
Buckland,*^ by tbe analogy of its structure to that adopted in 
binding together several parallel |>late.s ot elastic waiod or steel to 
moke a crossbow, and also in setting together thin jdates of steel 
in the springs of carriages. Dr. Ihickland adds — ‘ Those wdio 
have w itnessed the sho(dc given to the heail of a crocodile by the act 
of sfiap])ing together its thin long jaws, must have seen how liable 
to fracture tlie lower jaw would be, w' ere it composed of one bone 
only on each side.’ The same reasoning applies to tlie eomposite 
structure of the long tympanic pedicle in llslies. In each case the 
splicing and bracing together of thin fiat bones of unecpial length 
and of varying thickness, affords compensation for the weakness 
and risk of fraeturo that would otherwise liave attended the 
elongation of tlie parts. In the abdomen of the crocodile the 
analogous subdivision of the lueinapophyses, there called .‘ibdo- 
ininul rilis, allows of a slight change of their lengtli, in the 
exjianslon and eonfraction of the walls of that cavity ; and since 

’ ‘Gcol. Trans.’ 1821, p. 58.5. * ‘Bridgewater Treatise,’ 1836, vol. t p. 176. 
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ain))Inbiou 3 reptiles, when on land, rest the whole weight of the 
abdomen direetly upon the ground, the necessity of tJie modifi- 
cation diminishing liability to fracture further appears. These 
analogies are important, as demonstrating that the general homo- 
logy of the elements of a natural segment of the skeleton is not 
affecited or obscured by their subdivision for a si)ecial end. 
The purposive modification of the luema])Oi>hyses of the frontal 
A^ertebra is but a rc])etition of that Avhich alfects the same 
elements in the abdominal vertebne. 

Passing next to the hannal arch of the parietal A^crtebra, fig. 
93, n, li, w'c are first struck by its small relative size. Its 
restricted functions have not required it to grow in ])roportion 
with tlie other arches, and it consequently retains much of its 
embryonal dimensions. It consists of a ligamentous ‘ stylohyal,’ 
retaining tlie same primitive histological condition Avhich obstructs 
the ordinary recognition of the ]>leural element of the liiml)ar Inemal 
ai'ches ; of a cartilaginous *■ ei)ihyal,’ 39, intervening between this 
and tlie ossified hanuaiiopliysis, or ceratohyal, 40 ; and of the lueinal 
spine, 41, Avhich retains its cartilaginons state, like its homotypes, 
in the alnlomcn : there they get the sj)ceial name of ‘ alidominal 
sternum,' here of ^ basiliyah’ The liasihyal has, however, coalesced 
Avith the thyrohyals to Ibrm a broad cartilaginous plate, the anterior 
border rising like a ^'alve to close the iauccs, and the posterior 
angles extending beyond and sustaining the thyroid and other 
parts of th(} larynx. Tlie long bony ^ ceratohyal ’ and the com- 
monly cartilaginous ^ e|)ihyal ’ arc suspended by the ligamentous 
Sslylohyal’ to the back part of the tympanic? at its junction Avith 
the paroccipital process ; the Avliole arch having, like the inan- 
dilmlav one, retrograded from the connection it jircwsents in Fishes. 

This retrogradation is still more considerable In the succeeding 
liremal arcli, fig 92, ti i ; fig. 57, 5i. In comparing the occipital 
segment of the Crocodile’s skeleton Avitb that of the Fish, fig. 81, 
the chief modifi(?ation that distinguishes that segment in the Cro- 
codile is the apj»ar(uit absence of its ha?inal arch. We recognise, 
however, the special hoinologucs of the constituents of that andi 
of the Fish’s skeleton, fig. 34, in the bones 5i and 52 of the Cro- 
codile’s skeleton, fig. 57 ; but the ujipor or suprascapular piece, 50, 
fig. 92, retains, in connection with the loss of its proximal or cranial 
articulations, its cartilaginous state: the scapula, 5i, is ossified, as 
is likewise the coracoid, 52, the lower end of Avlileh is separated 
from its tcllow hy the interposition of a ine<llan, symmetrical, 
partially ossified piece called ^ cjiistcrnuin.’ The power of recog- 
nising the special homologies of so, si, and 52 in the Crocodile, 
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Avitli the similarly niimherecl constituents of the same arch in 
Fishes — though masked, not only by modiheations of form and. 
proportion, but even of very substance, as in the case of 50 — 
depends upon the circumstance of these bones constituting the 
same essential clement of the andictypal skedeton, viz. the fourth 
hannal arch, numbered />/, 52, in fig. 17. For although in the pre- 
sent instance there is su|.>cradded to tlj^ adaptive modifications 
above cited the rarer one of altered connections, Cuvier does not 
hesitate to give the same names, ^ siij)ra.scapulaire’ to 50, atul 
‘ scapiilaire’ to 5i, in both Fish and Crocodile ; but be did not per- 
ceive or admit that the narrower relations of special homology 
were a result of, and necessarily included in, the wider law of 
general homology. According to the hitter law, we discern in fig. 
!)3, 50 and r>i, a com])oiind ‘ ])leura]) 0 ])hysis,’ in 52 a ‘ Incinapophysis,’ 
and in /is, the ‘ luemal s))ine,’ completing tlie luemal arch.^ 

The sciipulo-coracoid arch, both elements, 5i, 52, of which 
rctjiln the form of strong and thick vert(^l)ral and sternal ril)s in 
tlic (h’oeodile, is a[)plied in the skeleton of that animal over the 
anterior thoracic liannal arches. Viewed as a more, robust hiernal 
areli, it is oluiously out of jdacc in referem^o to the rest of its 
vcrtoliral seginent. If we seek to determine that si^gment by the 
mode in which we restore to their centrums the less displaciid 
neural arches of the autcccdcnt vertebrae of tlm eranium or in the 
sacrum of tlie l/ird/^ we proceed to examine the vertelirm before 
and ludiind tlie displaced arcii, with the view to distaivcr the one 
\vlu(di nee<ls it, in order to be made typically complete. Finding 
no centrnm and neural arch without itvS pleurajioiihyses from the 

’ The autlior of No. clxm, in criticijjing this conclusion, omits consideration of 
llic cartiliigirious element, fig. 93, 50 : as it exists and required due attention, I 
was led to regard it as the hornologuc of the ossified clement, figs. 81, 85, 50, in 
Fishes, and as being part, one might say, half, of the jdenrapuphysis. No anatomist has 
impugned such determination of the special homology of the ‘ lame cartilagineiise 
du hord spinal dc rornoplate ’ of the Crocodile, with the ‘ partic spinal de romophite * 
of the Frog, and with the ‘ os surscapulaire * of the Fish. Now the latter is the 
liouiotypc of the proximal half of the compound jileiirapophysis of the pelvic arch, 
of wliich the part called * ilium * answers to the part called ‘ scapula.’ There remains, 
therefore, for Dr. Humphrey’s consideration, the serial and general homologies of the 
‘ suprascapula ; ’ in the omission of which lurks the fallacy of his criticism, clxxi, 
pp. 27, 28. The alleged difference of devciopcmciit, at most one of direction of growth, 
is futile. 

A * haimal arch ’ having been defined as including the * plcnrapopliysis * as wtU as 
‘ ha^mapophysis,’ by altering the meaning of the term and restricting the ‘ hajinal parts 
of the vertebra ’ to the ‘ hamiapophyses and haemal spine,’ Dr. Humphrey makes 
ground for pronouncing the part of the hsemal arch, 60 and 5i, in figs. 81 and 92, 
as being the haem- not the plcur-apophysis. 

“ See ‘ On the Archetype and Homologies of the Vertebrate Skeleton,’ pp. 1 1 7 
and 159. .* 
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pcaptila to the pelvis, we give up oiiv search in that direction ; 
and in the o})posite direction we find no vertebra without its ribs, 
until we reach the occiput ; there we have centnuu and nein*al 
areli, itii connate i)arapophyses, but without tlie hannal arcli, 
wliicli arch can only he supplied by a restoration of the bones 
60-52 to the [)lace which they naturally occupy in the skeleton of 
the fish. And since the bones 50-52 in tlui Crocodile, fig. 57, are 
specially homologous with those so numbered in the Fish, fig. 34, 
we must conclude that they arc likewise homologous in a 
higher sense; that in the Fish the scajui la-coracoid arch is in its 
natural oi* tv])ical ])osItion, whereas in the Crocodile it has been 
disjdaced for a .s])ecial purpose. Thus, agreeably with a general 
princi])le, we j)erceive that, as the h>wer vertebrate animal illus- 
trates the (4os(U’ adhesion to the archetype* by the natural articu- 
lation of the scapulo-coracoid arch to the occijnit, so the higher 
vertehrate manifests tin* sM])crior iiiHuence of the antagonizing 
])Ower of adtiplive modification l)y the removal of that arch fi*om 
its ]>roper segment. 

The anthropotomist, by bis mode of counting and defining the 
dorsal vertehrie and ribs, admits, ttnconsciously perlKi|»s, the 
important ])rin(*iple in general homology which is here exemplified ; 
and which, pursued to its legitimate conse([Ucnces, and further 
np))lied, demonstrates that the su[>raseapula and scai>u1a arc the 
modified rib of that eentj'um and neural andi, which he calls the 
^occI])ital bone ;’ and that the change of place which cliicfh' masks 
that relation (for a very elementary acquaintance with Compara- 
tive Anatomy sliows how little mere form and ]m)|>ortion alfect 
the homological cliaracters of bones), diilers only in extent, and 
not in kind, from the modification which makes a minoi* amount 
of comparative observation recpiisitc, in order to det(M*mine the 
relation of the vslilftcd dorsal rib to its projicr centrum in the 
liuman skeleton. 

AVltli reference, therefore, to the occijfital vertebra of the Cro- 
codile, if the com]>aratively wcll-(lcvclo[)ed and permanently 
distinct ribs of all the cervical vertebne [irove the scapular anjh 
to belong to none of those segments,*^ and if that liaanal arch be 
required to complete the occipital segment, which it actually does 
couqilete in fishes, then the same conclusion inust apply to the 
same arch in other animals, up to man liimsclf. 

* The term ‘ siin}»le ]»riinary form ’ appears to Dr. Humplirey, clxxi, p. 34, to 
bo more correct than the word ‘ urfhetype.* 

^ Close the eyes to the fact of the suprascapular element in the Crocodile, and you 
then may, with Dr. Iliunplircy, sec its representative in one of the cervical pleur- 
apophyscjf. Comp. ib. p. 2B, aiid^notc, p. 144, of the present work. 
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The locomotive extremity, %. 92, 53 - 57 , is the cVivergiiig ap- 
])emlage of the arch, imtler one of its numerous modes and grades 
of developcme nt. 

Coadj listed as the ahovc-defined vertebral elcaneiits are in the 
skull of the Crocodile, they comjKise such a whole as is represented 
in fig. 9.5. Each temiioral fossa is circumscribed extei*iuilly liy 
two Iiorizontal bony arches ; tlie upper^ine formed by the post- 
frontal, 12 , and mastoid, 8; the lower one by the malar, 25, and 
squamosal, 27: the tynipauic, 28, and mastoid, 8, bound the 
fossa behind: the coarticulatcd processes from tlie postl’rontal and 
malar form a partial division between the Ibssa and the orbit in 
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Skflll of Crocodile 


IVont. The orbit is circums<*,ribed by these bones, with the frontal, 
11 , prefrontal, 14, and lacryinal, //. A siiperorbital or palpebral 
ilerra-ossicle strcngtliens the upper eyelid. The external nostril, 
single and advanced in Crocodilitt, is surrounded sometimes, as in 
Eavials, l>y the premaxillaries, 22 ; sometimes, as in fig. 9.5, admit- 
ting also the points of the nasals, 15. The internal nostril opens far 
l>ack, beneath the occiput, fig. 98 c, //, and is exclusively surrounded 
the pterygoids, 24: its plane is horizontal in (Javials and some 
Alligators; but is more or less oblique, looking backward, in 
f'rocodilos. Behind and above it are the median and lateral 
Eustachian bony outlets, from which the membranous contlnua- 
boiis of the tubes converge and unite in tlie single valvular aper- 
f^U'e on the soft palate.^ The vast extent of the bony roof of the 

* OLxxii., pi. xii. fig. 5, This- paper may be refernid to for other cranial fo’viiniri.a, 
for the details of tbe complex bony structure of tho- median and lateral 
VOU I. L 
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mouth IS interrupted hy the large ^ ptcvygemaxillary ’ vacuities, 
ib. ?/, Inmnded externally by the inaxillarics and cetoptcrygoids : 
at the fore part is the small ^ prepalatine’ opening, ib. /?. In the 
(Javials eaclv ptm'ygoid expands at its outer and fore border into a 
large oval bulla. The palatines and niaxillaries are excavated by 
sinuses eoinmvniicating wilh the nasal passages. The form ot the 
maxillo-j)reina.xillarv jjalatine suture hcl[)s by its variation to the 
distinction of species. ‘ The anterior expanded i^arts of i be divided 
vomer appear upon the bony palate in some Alligators.^ 

The otic capsule remai!)s in great part cartilaginous: towanls 
the cranial cavity it is defended by tlic thin otocranial plates ot 
the alisphenoid, su])oro(Y*ipital and paroccipitabAvith occasionally a 
small scale, rcpres(Miting a rmlimenial petrosal, d'ho cye-capsulo 
is nut defended ])y bony ])latos, as in Chvhynla, The turl/uials 
rema in carti lagi in ms. 

The cranial cavity is miserably small in tlicse biige cold-blooded 
Carnivora; its main |>ai*t, shown in seel ion, fig. 91, 2 , fi, 10 , may 
be filled by a maifs tluunb in a skull of three fe(‘t in length. The 
proper *braln-chainl)er is, liowover, continued along the groove 
beneath tlie intcrorbital platibrm to the second v‘«light cx])ansioii 
l)etweeii the [)refrontals, 14 , where the rliiuencephalic (olfactory) 
lobes send forward tlic true olfactory nerves. 

If the t’oregoing statement of the grounds for determining the 
homologies, general and special, of the skull-bones of the (rofujr/ilm 
may have seeme<l tedious or unnecessary, I excuse myself by tlu*. 
imjiortance attached to the subject by Cuvier, wlio, in the last 
lecture which ho delivered, stated: ‘ If we \ver(^ agnYid as to the 
Crocodile's head, avc slumld be so as to that of other animals; be- 
cause the Crocodile is Intermediate bctwcc'ii mammals, birds, and 
fishes.’ Admitting, with some latitude, the reason, a semse of the 
importance of a detenninatiou of tlie bones answerable to those 
previously defined in Chelonia and Fishes, has inllucnecd me in 
the foregoing descri[)tiou of the skull of the (^rocoflilw. 

§ .‘J3. >S7cw// of OpIioUa. The skull in Lacertians and Ophi- 
dians (h^parts from the vertebral pattern by a gix^ater degree of 
confluence and a minor extent of n( 3 ura|)ophysIal ossification, 
than in CnM^odilia: and that of Serpents manifests more strongly 
the principle of adaptive devclopement. 

canals in Crocoildta. Stc also the prepamtions, xi.iv., Nos. 700, 727, 728 , 
750, pp. 154— 1G ». 

' Ih. XLiY., p. 165, where that cliaractcn.stic of Otrtcodihis rhomhifar is specifictl. 

^ Ih. ^o. 7Ci, p. 166. ' 4 
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In the Python, figs. 96 and 97, the hasioccipltal, i, U sublicx- 
agonal, broadest anteriorly, smooth and concave above, sntiirally 
rough on each side, with a recurved pointed hypapophysis : the 
liinder facet forms the lower half of the occi[)ital condyle, on eacli 
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side of which is a small sliarp process. The I)asiocci|)ilal unites 
above with the oxoccijnlal, 2 , and alisphenoid, 6; and in front 
with the baslsphonoiil, 5. The cxoccipitals ( 2 , 2 ) are each pro- 
duced l)ackward into a pe<hincular pro(‘css supj)orling a moiety 
of* the upper half of the occipital condyle: at the outer side of 
llio base of the peduncle is an obtuse process, foi’ining tlio 
upper ]>art of the ridge continued upon the l>asio(‘eipital. The 
outer and foia* part of the exoccipital (‘X[)ands, and is ]>err(>r{itcd 
by a slit tor the eighth ])air of nerves, articulates belnw with 
tIic. basioccipital, is excavatid in front to lodge the ])etrosal 
carlilage where it; articulates with the alisphenoid, and unites 
above with the siipcroccipital, a. This is of a snbrhomboidal 
I'urm, sends a spine from its upper an<l hinder surface, expands 
laterally into oblong |>ro(;esses, is notched anteriorly and sends 
‘lowu two thin plates fnun its under surface, bounding on (be 
inesial side the siirl‘a(*.c for the eerebcdlum, and by the outer 
‘^'ide forming the ijmer and u]>per parts of the acoustic cavities, 
fho siiperoccii)ital articulates below with the exoccipitals and 
alisphenoids, and in front with the ])arietal, by wliicli it is over- 
lapped ill its whole extent. The occipital vertehra is as if it were 
sheathed in tlie expanded posterior outlet of tin? j^arietal one, tlie 
tHaitriuu resting 011 the oblique surlaco of that in Iront, and the 
‘tuterior base of the neural spine entering a ca\ Ity in and being 
overlapped by that of the proceeding neural spine: tlu* analogy of 
tins kind of ‘ emboiiement’ of the oceipltaljn the imrietal vertebra 
"' itli the fumi interlooklng of the ordinary vertebne of tlic trunk is 
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very interesting: tlie end gained seems to be, in grovelling 
reptiles liable to have the head bruised, an extra protection of 
the ('jiencephalon — the most important segment to life of all the 
lirimary divisions of tlie cerebrospinal axis. The thickness of 
its immediately protecting walls (formed liy the basl-, ex-, ainl 
snper-occipitals) is equal to that of the same vertebral elements 
in tlie human skull ; but they are moreover composed of very 
firm and dense tissue throughout, having no diploe : the eiien- 
eo])halou also derives a further and equally thick bony covering 
from tlic basis) ilienoiil and the |)arl('ta1s, tlie latter b(fing |>artly 
overlajijied by the masbnds, hg. 1)7, 8, which form here a third layer 
of tlie i-ranial wall. 

The basis))hoiioId, fig. 0(>, 5, and pi'esphenoid, 9, form a singhj 
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bone, and the chief ke(‘l of the cranial superstructure. Tin; 
posterior articular surlace looks obliquely upward and backward, 
and supports that of the vertebral centrum belnud, as the jiosterior 
ball ol' tlie ordinary vertebrie supports the obrKjue ciq) of the 
BUC<M*e<rmg one : here, however, all motion is abrogated between 
the two verteline, and the co-adapted surlUces are rough and 
sut ural. I'he liasisjilienoid presents a smooth cerebral channel 
above for the mesence[)haloii, in front of which a deep depression 
(sella) sinks abru))tly into the expanded part of the bone, ami 
there bifurcates, each fork forming a short cul-de-sac in the sub- 
stance of the lione. Tlie t:i*an.s verse j)ro<*csses from the under 
and lateral surfac’.es are well inarked, strong, but short, mueb 
thicker ill the Python than in the lloa. The alis[)benoids, r», form 
the anterior half of the fenestra ovalls, which is eoinpletod by 
the exoccipitals; anc} in their two large perforations for tin? 
posterior divisions of the fifth pair of nerves, as well as in their 
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relative size and position, the alisphenoids agree Avith those of the 
Frog. Facli alis|)lienoi(] is a thick suhoval ])iecc, Avith a tnher- 
enlar process on its iiiider and lateral part : it rests upon the 
h.'isisphenoid and basiocci]>ital, suj>port8 the ])osterlor ])art of the 
))ariotal and a ]K»rtion of the mastoid, 8, and unites anteriorly Avitli 
the des(‘.ending lateral plate of the parietal bone. 

Tlie parietal, 7, is a large and longf'syininetrical roof»s)iai)ed 
bone, Avith a median longitudinal crest along its upp('r surface, 
Avliore the tAVo originally distinct moieties have coalesced. It is 
narrowest ]K)sterior]y, Avhere it overlaps the su peroccipital, and is 
itself oA'crlapped by the mastoid: it is convex at its middle part on 
each sid(^ the sagittal spine, and is (amtimied dowinvai-d and in- 
ward to rest immediately upon tiui basisphciioid, 5. This part oi' 
the parietal seems to l)e (brined hy an extension of ossification 
along a niemhraiious si)ace, like that whicli permanently remains 
so in the Fi'og, between the allsphenoid and orl)itos}>henoid : the 
mesencephalon and the chief part of the cerehral lobes arc* protected 
by this iiniisually developed spine of the mesencephalic vertebra. 
Ihe optic (‘oramina arc conjugatlonal ones, between the anterior 
border of the lateral |date of the ])arlctal and the posterior boiAler 
<»f the cori’osponding |)late of the frontal. 

The frontals, ii, rest by descending lateral ])lates, representing 
connate orbltosphenoids, upon the j)res[)hcnoidal prolongation of 
the l)asis])henoid : the n[)per surface of each frontal is flat, sub- 
fjuadratc, broader than long in the l>oa, and the reverse', in the 
l.*ython, where the roof of the orbit is continued outward by a 
detached sujiororbltal lioiie: there is a distiiud, oval, articular sur- 
face near the anterior median angle of each frontal to which the ]we.- 
IVontal, M,is attached : the angle Itself is sUglitly jiroduced to form 
tlu' articular process for the' nasal hones. The smootlv orbitosphe- 
noidal jilate (»f the frontal joins the outer margin oftlie upper surface 
of the frontal at an acute angle; the inner side of each frontal is 
dco[)ly excjivated for the prolongation of tlio cerehral lol)es, and 
the cavity is coriAunTcd into a canal by a median A citical plate of 
bone at the inner and anterior end of the Ironlal. The frontals join 
the ]>arietals and postfrontals behind, and, hy the eonnate orbito- 
sphenold |)lates, tlie piwsphciioid beloAV, the iirofrontals and nasals 
liefore, and tlie snperorhitals at their lateral margins. The orbito- 
sjdionoidal plates liaA^e their bases extended inward, and meet below 
tlie prosencephalon and aboAnj the prcs])henoid, as the neurapo- 
physes of the atlas meet each other above the centrum. The anterior 
tliird part of such inAvardly produced base is met by a downward 
liroduction of the mesial margin of the. frontal, forming a*septum 
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between the olfootory prolongations of the brain, but is not con- 
fluent witli tlie frontal septum: the outer portion of the orbitosphe- 
iioidal plate is smooth externally, and deej)ly notched posteriorly 
for the optic foramen. 

The post-frontal, tig. 97, 4, is a moderately long trihedral bone, 
articulated by its ex])anded cranial end to the frontal and parietal, 
and bent down to rest upon th(i outer and tin’c angle of the ccto- 
pterygoid, It does not reacli that bone in tl»c Iloa, nor in 
j)oisonous Serpents. In both the l>oa and l\thon it receives the 
anterior sharj) angle of the parietal in a not(di. 

The natural segment which terminates the cranium anteriorly, 
and Is forme<l by the vomerine, prefrontal and nasal bones, is very 
distinct in the Ophidians. 

TJu! vnniei* is divi(h*d, as in some ganoid Fish(%s and llatrachians, 
but is edentulous : eaidi half is a long, narrow plate, smooth and 
convex below, concave above, with the inner margin sliglitly 
raised: pointed anteriorly, aii<l with two ])rooesses and an inter- 
vening notch al>ove the base i»f the pointtal end. The prefrontals, 
14, are connate with the iHcrymals. The two l)ones which inter- 
vene between the vomerine and miv^al bones are the tnrbinals, iig. 
9(), r/, they are bent longitudinally outwards in the form of a 
semicylluder about the termination of th(‘ ollludorv nervCwS. 

"I'lie spine of the nasal vertebra is divided syminetrieally as in 
tbe Frog, forming the nasal bones, fig, 97, ir» ; they arc elongated, 
bent plates, with the shorter upper part arching outward and 
d«ovnwanl, completing the olfactory canal above ; and with a longer 
median plati? forming a vertical Avail, a]>plicd closely to its fellow, 
except in front, where the nasal process of the premaxillary ivS 
;r(‘eeived in the Interspace <»f the nasals. 

The acoustic capsule remaius in great pai’t cartilaginous : there 
Is no detached centre of ossification in it; to Avhatever extent this 
oajKSulo is ossified, it is by a coiitiniions extension from the alisphe- 
noid. The long sta]>es, fig. 97, ig, extends from the ‘ fenestra vesti- 
])uli’ to the subciitaTieous car-drum attach(‘d to the tympanic bone, 
2 s, The Siderotic capsule of the eve is chiefly fibrous, w ith a tliin 
inner layer of cartilage; the olfactory capsule is in a great measure 
ossified, as above described. 

Manliui'ii arch , — Tlie palatine, fig. 90, 20 , or first piece of this 
arch is a strong, oblong bone, having the inner side of its obtuse 
anterior end api)lied to the sides of tlie prefrontals and turbinals, 
and, near its [xisterior end, sending a short, thick process upward 
and inward for ligamentous attachment to the lacryraal, and a 
second similar process outward as the point of suspension of the 
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maxillary bone: between these processes the palatine is pcrlbrated, 
and behind them it tcrininates in a point. Tlic chief part of the 
max 111 ary bone, 21 , is continued forward from its point of sus})cii- 
sion, increasing in depth, and terminating obtusely: a shorter 
process is also, as usual, continued backward. The ])oint of 
susi>cnsion of the maxillary foiins a short, namvw, ])alatine process : 
the dental l)ran<*h of the siipramaxillffl’y nerve })CTietrates the 
u])|)er and fore ])art of this ]>rocess, and its chief division esca])es 
hy a t'oramen on tlic out(*r and fore jxirt of the maxillary. A space 
occupied by elastic ligament intervenes between the maxillary and 
the |)remaxillary, 22 , which is single and symmetrical, and tirmly 
wedged into the nasal iiit<‘rspaee : the anterior expanded part of 
this small Iriangidar bone sup|)orts two teeth. Tims the hony 
nuixillary arch is iutc‘rni|)tc(l by t\vo ligamentous intc'rvals at tlie 
si<les of the premaxillary key-hone, In fini(‘.tlonal relation to tlie 
jx'cnliar imh'pcmdent movements of tlie maxillary and jialatiiie 
l)ones reipiired ])y Serpents during the act of engulfing their 
usually large prey. 

Two bones extend liackward as ap]>cndagevS to tlie nfaxillary 
arch; one is tlie ‘ pterygoid,’ 21 , 1’rom the ]Kilatinc, tlie other the 
ei‘topterygoid, 2 r), from the maxillary. The pterygoid is eontiiuied 
from ilut posterior oxtnanlty ol* the ]>alaline to al)ut against the 
end of the tympaiiie j)edicle: the under ]>art of its anterior lialf 
is beset Nvith teeth, fig. Ofi, 24 . The ceto[)terygoid, 25, overlaps 
the posterior end ot* the maxillary , and is articulated by its posterior 
obrupiely cut cud to the outer suriace of the middle expanded part 
of the ])terygoid. 

Mandihular -The tympanic bone, 28, is a strong, triliedral 

pedicle, arlieulated by an obUipie up])er surface to tlie end of the 
mastoid, s, and cxjianded transversely below to form the antcro- 
p()steriorly convex, transversely concave, condyle for the low-er jaw. 
'fliis consists chiefly of an articular ai, and a deutary a2, witli a 
small coronoid and sploiiial piece. The articular piece, ai , iiududlng 
the angular and surangular elements of the Crocodile, ends ob- 
tusely, immediately behind the condyle : it is a little contracted in 
front of it, and gradually expands to its middle jiart, smids up t^vo 
vshort ])rocess(‘S, then suddenly contracts and terminates in a point 
wedged into the iiosterior and outer notch of the dentar v piece. The 
articular is dcejily grooved above, and produced into a ridge behuv. 
The coronoid is a short compressed plate: the splenlal is a longer 
l)late a])[)lie(l to the inner side of the articular and dentary. T'lie 
outer side of the dentary lias a single perforation near its anterior 
end : this is uiiitetlto that of the opiiosito ramus by elastic Jigaiiicnt. 
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The skull of the Boa Constrictor tlHfers from that of the 
I\vthon, not only in the greater breadth of the frontals, hut in 
that of the nasals; in the absence of the siiperorhital, in the 
more slender and cylindrical form of the ectoptcrygoid, and in 
the larger and higher internal border of the coronoid. But the 
mechanism of the jaWwS is the samcf By the elastic matter join- 
uvf to<rethcr the extremities of the maxillary and inandibidar 
bones, those on the right side can be drawn aj)art from those on 
the left, and the mouth can be opened not only vertically, as in 
other vertebrate animals, but also transversely, as in insects. 
A^iewing the bones of the numth that support teeth in the great 
constricting serpents, they offer the a])peara7ice of six jaws — four 
above and two below; the inner pair of jaws above are formed l)y 
tlie palatine and pterygoid l)oncs, fig. 9fi, 20-24, the onttn* pair by 
tlie maxillaries, il». 21 , the under pair by the mandibles, or ^rami,' 
as they are termed, of the lower jaw, fig. 97, 

Eacli of* these six jaws, moreover, besides the movements ver- 
tl(!ally and laterally, can l.)e protruded and retracttal, in(lc]>cn(lently 
of the \)tlier: by these* m(>vements the Boa is cnal)led to retain 
and slowly engulf its prey, whieh may be much larger than its 
own l) 0 (ly. At. the first seizure the head of the prey is Indd 
firndy by the long and sliarp reenrved teeth of all the jaws, 
Avhilst the body is crushed by the overlapping coils of the sequent ; 
tlie eleath-stiTiggles having ceased, the (Constrictor slowly uneoils, 
ami the head of the prey is bedewed with an aliundant slimy 
]nucus: one jaw is then unfixed, and its teeth witlulrawn by 
being jnished forward, when ihoy are again infixed, further hack 
upon the prey: the next jaw is then unfixed, jn’otruded, ami 

reattached ; and so with the rest in succession this inoveincnt of 

])rotraction being almost the only one of whicrli they are siisecptihle 
whilst stretched apart to the utmost by the bulk of the animal 
encompassed by them ; thus, by their successive movements, the 
prey is slowly and spirally Introdmiod into the wide gullet. 

In comparing the skull of a poisonous with that of a constrict- 
ing Ser[)cnt, tin; differential characters consist, in the liattlesnake 
(Crot(dus) e. g., chiefly in the modification of form and atta(di- 
ments of tlie maxillary, which is movahly articulated to the 
palatine, e(ttopterygoid, and lacrymal bones ; hut chiefly snpjiorted 
by the latter, wWioh presents the form of a short, strong, three- 
sided pedicle, ext(mding from tlie anterior external angle of the 
frontal to the anterior and upper part of the maxillary. The 
articular surface of the mj^xillary is slightly concave, of an oval 
shape : riic surl'acc articuldting with the cctopteiygoid on the poste- 
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rior aiul iij>per i)art of the maxillary is smaller and convex. Tlie 
maxillary bone is piislied forward and rotated upon the lacryrnal 
joint by the advance of the cctoptcrygoid, which is associated with 
the movements of the tympanjt; [)ediclc of the lower jaw by meaiivS 
ol* the true pterygoid bone. The ])remaxillary is edentulous. A 
long, perforated j)oison-fang is’ anchylosc<l to the maxillary. Hie 
palatine bone has four or live, and the ptfnygoid from eight to ten, 
small, imperforate, |)ointed, and recurved teeth. The frontal bones 
are broader than they are long : there arc no siip(a*orl)itals. A strong 
ridge is dcvelojied irom the uiuler surface of the basisjdienoid, and 
a long and strong reeurv(‘d sjiine from that of the hasioecijntal ; 
these give insertion to tlie powerful ‘ longi colli ’ rniiseles, hy whii’h 
the downward stroke oi‘ the head is performed in the infliction of 
the wound hy the jioison-iangs. 

The skull of the t;vpi(‘al Ophidian reptiles most resembles that 
of Lizards, hut lacks the outer diverging appendage, l'orme(l liy the 
malar and sriuamosal, of the maxillary arch. It differs from that 
of Ihitraeliians in the dislinct hasi- and snperocci])itals ; in tlie 
snperoccipital I’orming jiai’t of the ear-chamber; In the *basioc- 
eipital comliining with the cxoceipital to form a single articular 
condyle for the atlas ; in the ossification of the membranous space 
ladwccn the elongated fiarietals and the sphenoid; in the constant 
coalescence of the jiarietals with one another : in the eoimation of 
th(i orbitosphenoids with the frontals, and in the meeting of the 
orbitosphenokls below the ])roscn(*e]>halon n|)on the u])per sur- 
face of the presphenoid; in the presence of distinct postfrontals, 
and the attaeliment thereto of the ectoptervgoids, whereby they 
form an anterior point of suspension of the lower jaw, tlirongli the 
medium of the pterygoid and tyinpanic bones; in the connation 
of the prefrontals and laerynials. 

In \\\Q, Anij)h}sh(cn(t coalesconee still further sini|)lifies 

the cranial strnetui e : the parts of the epencepballc arch con- 
stitute a single occipital bone ; the snperoccii)ital (‘rest extemds 
forward into a sagittal one; a small forammi marks the boundary : 
the premaxillary is single, and, with the rest of the uppcu' jaw, is 
fixed; the tympanic is short, compared with tliat of true Serpents, 
and extends almost horizontally forward, in a line with the lower 
jaw which it supports; the coronoid is more developed. The 
nostrils, divided by the premaxillary, arc terminal ; or even, as 
m behind the fore end of the skull : in 
this AmphisbaMiian the inaxillaries overlap the nasals to join tin? 
premaxillary. ' 

» * ei.xxiii., pi. 15, figs. 8, 11. 
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§ 34. Shill of Ln cert ilia. — Lizards, like Serpents, luivc the cra- 
nial bones, especially those of the lucmal arches and appendages, 
more elongated, slender, and liberated than in Crocodiles and Che- 
lonians; the temporal vacuities and orbits are large, and the external 
nostrils are apart. lilzards retain the inalo-squainosal l)ar connect- 
ing the maxillary with the tvin])anic ; and some of tliem develoi>e, 
as in the Croeotlile, the up[)er zygomatic arch rormod by the ])ost- 
frontal and mastoid. The neiirapo])hysial walls of the parietal and 
frontal segments retain much of their fibrocartilaginous tissue ; and 
the cranial roof is tliere sustained l)y a bony pillar on cacli side 
(‘ columella’ of Cuvier), which has its base implanted in a fossa 
of the pterygoid, and iiiKlcrprejks tlie parietal near its outer border. 
The homologies of llie cnniial l)oiies of the Python, figs. 96 and 
97. with those of the (h-ocodile, figs. 93, 94, and 95, being recog- 
nised, tliose of any Lizard will be readily nnderstood. 

In a New Zealand (Jecko {Jk/u/ariioccp/ialns^) the (Jcci|»ital con- 
dyle i.s Tuuisnally elongated transversely, and presents the form of* 
a crescentic, convex bar,, bent upward, d'be basis|)henoKl sends 
down, two short processes to ubtit against tlic pterygoids. The 
])arietal Ijono is perforated by a small median foutaiielle close to 
tlie sagittal suture; its iijjper surface |>resents two stnmg curved 
and a])proximated temporal crests, divided by a median, angular, 
longitudinal furrow: the crests are continued outward upon the 
]»ostcrior bifurcated part of the |)arielnl to be conliiiuous with that 
fi)rming the ui)pcr fiorder of the. mastoid: the frontal is dividid 
by a median suture, as is the parietal la tlte common Gecko. 
The posterior frontal su))]>orts a stnmg, obtuse ridge forming tlie 
back part of the frame of the orbit, and unit(?s below wltli the. 
malar anil behind Avith the mastoid. The jn’cinaxillary bones are 
divided by a median suture, and their dentigerous border pn^jects 
below the level f)f that of the maxillary Ijoncs. The vomer is 
likewise flivldcal by a luedian suture. Tlie jrilatal apertures of 
the nostrils are bonn(h*d behind by the vomer and ]>alatal ])late of 
the maxillary; this plate is of unusual lireadth, as compared with 
lli(^ Lizards generally, and presents tlic unusual jieculiarity of a 
dentigeriMis ridge jjai’alhJ witli the jiosterior lialf of* tlie alveolar 
border. It i.s situated close to tlie iinier side of tliis liorder, leav- 
ing only space .‘rufticiimt for the reception of* the teeth of tlie 
under jaw'. 'fhe teeth arc confluent Avith the summits of the 
])roj)er and accoss(>ry alveolar vidge.s. Tlie palatine bones ar(^ 
united together along the antendor halves. The rami of the lower 
jaw are not anchylo^ed at the symphysis. The alveolar border Is 
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serrated by a single row of ancliyloscd teeth. Tlie coronoid piece 
is triangular, rises into a }ioiut, and presents a smooth articnhiv 
siirlace on its inner side, adapted to the anterior lateral projection 
of the pterygoid. 

In the skull of the black Scink ( Q/rlodus the frontal and 

parietal bones arc thick and expanded; the parietal is hifurcated 
i)ehind, and articulated with the inashntls and ]»aroccipitals. The 
])ostfrontals are separated from the inalars by the sqnainosals, 
which extend between the malars and the niastoids to form the 
strong lateral bony arcli resting anteriorly n])on the malar and tlio 
maxillary, and posteriorly on the parietal and tympanic. Con- 
comitantly with the strong osseous roof of tlie cranimn, th(a*e is 
an arrest of osseous dev(‘lo])enu*nt in the tibro-n‘'*mbrM]ions 
nenrapo]>hysial walls of the cranimn: two hit era I processes 
extend dowinvard into these walls from the parielal and for- 
ward irom the exoecipiials ; but the protective otliee of the 
alivS|)henoids is solely ))(*rfonned by the colnninar ‘ columellje,’ 
which extend fnnii the interspaces of the in'oeesses above 
mentioned, to rest n])Oii tlie upper groove of the j)t(*rygoids. 
The orl.)itosplK‘noids are nqn’csentcd by still more slender bony 
styles, which circiimscril.)c the outhds for the oj)tic nerves, and 
tin'jn the anterior boundary of the proseneei>liari(‘ division of the 
eraniinn. The Inerymal bones are large and divided (»n ejich side, 
as in most Lizards. The ]>rcniaxiilaries an‘ continent, and their 
nasal yn’oeess s.eparatt's the external nostrils from each other. 
Ka(d) pterygoid presents a rough sinCace towards the ])alat(\, but 
(Iocs not snp])ort teeth. There is a small ossicle between the 
pterygoid ])ro('esses ot' the sphenoid rndthc true pterygoid bones. 
The colnmelllforni stai)es is extremely long and slender. 

In the Iguana the parietal su|)porls a single medinu crest: the 
posterior margin of the frojital is notched by the fronto-]>arietal 
fontancllc : both laeryinal and postfrontal are subdivided into two 
])ieees; the laeryinal foramen is a S'oiijiigatioiiar one between tbe 
two pieces. The np])er portion of the lacryn»al rej)resents the 
lacial ])art of the ])r<’fronlal ; it docs not send (hnvn a nenrapo- 
physlal ])late to join the vomer or jialatincs, nor forms any |>art of 
the lateral walls of the rliincncei>halic cavity, or of the foramen 
for the transmission of the oliketory lu'rvcs. Tlie jiahitine nostrils, 
fig. 98, 3), w, are very long, and notch the large palatines, 20 ; the 
jiterygoids, iu, each support a row of small teeth. 

In the skull of the Monitor Lizard (^l^aranus Jiilotmis) the 
liasioccipital sends down a pair of short, obtuse liy})apoi>hyses : 
those of tlie basisphenold are larger ainl abut against tHe ptci v- 



15G 


ANATOMY OF VEllTEBRATES. 


golds : these bones are ajipHed to the back part of the tympanic, 
and tlie slender ^colmnolla’ rests upon the middle of their npj)er 
surface. The parietal is perhmited near ils anterior border. 
The postfrontal has a descending ])ostorbital process. The ])re- 
froutal developes a j)artial post-lateral wall for the rhuicnce|)halic 
c]ninil)er; externally it sn|>ports an antorbital dermal l)onc : the 
small pe]*forated laciymal is a distinc't bone. Tlie Jiasal and j)re- 
maxillaiy are both single bones, as In most Lacertians. Tlio 
malar, wedged anteri(n-ly between the niaxillarv, palatine, laerymal 
and ecto|)tcrygoid, (‘iirves ba(‘k\vanl as a slender style terminating 
in a |)oint, leaving the orbit nncireled by Ixme l)ehlnd: the 
srpiamosal, wedged behind between the mastoid and tympanic, 
curves forward to a point hcneatli the postfrontal. 

Ill tire American Alonitor ( Trjijs niijroptfnvfftiHii) the nasals are 
divided: the malar articulates behind with the jiostorbltal — a dis- 
memberment of the postfrontal, whieli eontimies the zygomatic 
arch willi the scpiainosal : there is no ‘ i'orameu parietale.’ 

In the Cliaineleon the te<'th are short, and so eontluont w’itli the 
jaws that these appear to have simply a serrated margin. The 
external nostrils perforate the maxillary bone; along, compressed, 
serrated crest arches ujiward and backward from the su|)eroeeipital 
and [larietal bones, and joins the processes of bone eontiniied from 
the mastoids. In the Chameko hifnrvns the anterior fork-like 
productions arc formed by the maxilljiry and j)refnmtal bones. 
The premaxillary at the bottom <»f the cleft is very small. 

in Di '(ICO vokais there is merely the rudiment of a spine or 
ridge from the suj)croceipital ; an arched transverse ridge sej)arates 
the occipital from the parietal reghm ol’ the skull. Tlie post- 
frontal, mastoid, and paroecii)ital project sii(M*essiv(‘ly from their 
resjxietive cranial segment'^, and well maiiilest tlicir character as 
tlie transverse jirocesses of thes(\ 

The vacuities in the hony palate are many, and show much 
variety in the cold-blooded, esj)e<*ially the reptilian, sori(\s, in 
regard to tlieir number, kind, and relative size. The most con- 
stant are those wliich are more or l(?ss eirenmseribed by tlie max- 
illary and pt{‘rygoid, and constitute a pair. Tliey are present in 
and most (jranoirls, bounded outwardly by the inaxiJ- 
lai*y, medially hy the jialaline, and behind by the pterygoid. 
In the Menopome the vomer, fig. 73, /, forms the median and 
the pterygoid,/, the posterior boundary. In the Frog, fig. 98, 
A, the ptcrygo-maxlllary vacuities, y, are divided from each 
other by the basisp|ieiioid ; Avliilst the palatine forms llie front 
bouridaly and separates ‘them Irom the nasal apertures, n. In 
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Lizards, ib. D, the ]:)alatiiie 20, and pterygoid 24, form tlic median 
l)OUiidary, the maxillary, 21, and ectopterygoid tlie outer one of y. 
In the Crocodiles, il). c, tlie palatine 20 Ibnns the median, the 
ectopterygoiil 25 the outer, the maxillary 21 the fore, and the i)tery- 
goid 24 with the ectopterygoid the hind, boundary. In the Clie- 
lonia there is no ectopterygoid to divide the i)terygo-‘maxillary 
vacuity from the lower opening of the.tein|)oral fossa. The next 
openings in point of constancy are the palatal, or ])osterior, 
or internal nostrils — ^ palatonares but they are variously formed 
and situat('d. In the i\Ieiio[>onie, fig. 7.‘>, there is no })alatine bone 
to divide them f)*om the ]3terygo-maxlllary vacuity ; in fig. 98 a, 
the -Frog, the transverse ]^alatine forms the ])osterioi boundary 
of the palatonares, //, the vomer the inner, and the maxillary the 
outer, boundary; they arc similarly encom[>assed in the Lizards, 


9S 



aprriuvo.'^, li-j-tUni. 



il). r>, n. In tlie Crocodiles, the palatonares, Ib. 0, //, form a singh.* 
apifrture surrounded by the \)terygoids, and situated fiir ba(‘k. 
There is also a single premaxillary foramen, ib. 0 , p, at the fore 
part of the bony [lalate. This is sometimes divided into two by the 
premaxillary, like the external nostrils, as in the Iguana, ih. i>, //. 
In most Lizards there Is a more or less elongate ‘ interpterygoid’ 
vacuity, lb. i), ,s, hounded behind by tlie hypapopbyscs of the 
hasisplienoid, laterally by the pterygoids, and usually extending 
some way between the palatines. In the Alosnsafirus the Inter- 
pterygoid fissure docs not extend far back between the pterygoids, 
l)ut is liounded in a gi-cater ])roportion by the jialatincs. Some- 
times there is a distinct small ‘ liitcr['Ailatinc’ vacuity, H). w, In 
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advance of »he Interpi cry^oid ; and more rarely there occurs an 
^intcj'vomerine’ vacuity still more in advance. 

Thus there arc definable and namcablc, in the bony palate of 
reptiles, the ‘ i)torygo-niaxillary,’ palatonariaV ^premaxillary,’ 
‘ intcr[)tcrygoid/ ‘inter palatal,’ and ‘ inter vomerine’ vacuities or 
foramina — more or less valuable as characters of recent and 
extinct species. 

§ 35. zS/i/f// of Irkthioideryijia. — Amongst the illustrations of 
extreme varieties in tljc reptilian skull which rahcontology has 
brought to light, may be (fited the Icldlu/osnnrus'^ the DicynodoHy 
and the Pterodartylus. 

That of tlic first combines in a peculiar manner some piscine 
with rcjdilian characters. It difters from all existing lieptilui in 
the great size of the premaxillary, fig. 105, and small size of 
the maxillary, til; in the lateral aspects and antorhital position of 
the nostrils ; in the immense size of the orbits, and in the large and 
mimerous sclerotic plates, Avliich latter structures give to the skull 
of the IrlUhyosaortfs \{H most striking features. 

The tsvo sup])lcmcntal bones of the skull, which have no homo- 
logncs in existing Croeodilians, are the postorl^ital and super- 
sqnamosal ; both, ]io\ve\ (‘r, arc developed in Arckajornurafi and 
the Lal)yrinthodonts. Tlic pOvStorhital is the homologiio of the 
inferior division of the postfrontal in those Ijaeertians — o. g., 
lyvnmu Ophhonrm^ Anyuis., in which that hone is said to 

he <livi(led ; Imfc in Jchfliyosauran it more rosemhh^s a disinember- 
mont of the malar, io. Its thin obtuse scale-like lower eml oven- 
la[)S and joins by a sipiamons suture the bind end of the malar: 
the postnrhital expaiids as it ascends to the middle of th<^ l)aek of 
the r)rhit, then grarhially contracts to a point as it curves u|)ward 
and forward, articulating with the supersquamosal and post- 
frontal, 12 . The supers([iiainosal may he in like, manner ng'arded 
as a, dismemhej'inent of the squamosal, 27 ; were it cf)iifiucnt there- 
with, tluj reseinhlanee which the l)onc woukl present; to the zygo- 
matl(^ and squairifjsal juirts of the mammalian temporal hone would 
l»e very close; save that the sf|iuimous part would be removed 
from the inner to the outer wall of the tcnqioral fossa. The nostril 
is bounded by the lacrynial, 73, nasal, 15, maxillary, 21 , and pre- 
maxillary, 22 , Ixnies. It IS distant Irom the orbit about half its own 
long diamot(n\ Like the orbit, the })laiio of its outlet Is vertical. 

The ptcvygo-maxillary vacuities arc very long and narrow, 
broadest behind, where they arc homuhxl, as in Lizards, hy the 
anterior concavities of the Ijasisphcnoid, and gradually narrowing 
to a pojifli close to thd palatine nostrils, Thesq arc smaller than 
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in most Lizards^ and are circninscri1)cd l>y the palatines, ecto- 
pterygoid, maxillary, and premaxillary. The pterygomalar fis- 
sures arc the lower outlets of the temporal fossa) ; their sudden 
posterior breadth, due to the emarginatiou of the pterygoid, relates 
to the passage of the muscles lV>r attachment to the lower jaw. 
The parietal foramen is l)oiinde<l by both pariotals and l‘rontals, 
11 ; its presence is a mark of laliyrinthodont and lacertian affini- 
ties ; its formation is like that in Ljuana and Bhipichnayhalus. 
The occipitoparietal vacuities arc larger than in Crovodilia, smaller 
tlmn in Lacertilia ; they are bounded iiitevnnlly by the l)asl-, ex-, 
and super-occipitals, externally by the parietal an<l mastoid. The 
auditory ajicrtiires are bounded by the tyin]>anie and squa- 
mosal: the tympanic-, 28, takes a greater share in the formation 
of the ^ meatus auditorius’ in Lizards; in Crocodiles the bone 28 
is restricted to that which it takes in Irltthyouiurus,^ 

In eouij)aiing the jaws of the Ichthi/osnurna tandroatria Avitli 
.those of the gangetio Gharrial, an equal degree of strength and 
of alveolar border i‘or teeth result from two very ditterent propor- 
tions in which tlie maxillary and premaxillary bones are combined 
t(>gcther to fi)rm tlio iip[>er jaw. The prolongation of the snout 
is the same : tlio dilFerencc of structure relates to tlie collective 
tenuleucy of the affinities of the Jehthyosanrns to an antocodont 
liuanatoeryal ty[)e of structure still partly shown by Lizards, 
llie backward or auiorbital position of the nostrils, like that In 
whales, Is relatc’d to tlie marine existence of the Ichthyosaurs. 
Ihit in the Ijabyrintliodonts, in which the nostrils are nearer the 
fore ])art of the head, tlioir anterior boundaries are formed by 
tiic premaxillaries, as in modern Inzards : it ap[)cars, thi'refore, 
to he In eonfonnity with these affiniiics that the premaxillaries 
of the lehthyosaiir sliould enter into the same relation Avilh the 
nostrils, although this iiuadves an extent of anterior develope- 
inent proportionate to the length of the jaws, the forward pro- 
duction of which sharp-toothed instruments fitted the Ichthyosaur, 
like the modern Dol[)hin for the jireliimslon of agile fishes. 

^•10. Skull of Diajaodontia. — The skull of tlio Diryuodon^ 
fig. 99, is articulated with the atlas by a single condyle, formed by 
the hasi- and cx-occipitals in equal proportions : tlie latter have 
coalesced, as in the Crocodiles, Avith the paroeeipitals. The parie- 
talsfonn one hone, perforated liy a small ^fc^amen parietale’ close 
fothc coronal suture. The frontals, ii, contrilmte a share to the 
^uperovhital border; their nicdiau suture Is distinct, as is that 
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between tlie nasals, 15. The prefrontal, u, extends to the nostril, w. 
The lacryinal, in, forms the rest of the fore part of the orbit, ex- 
tending forward upon the ilice. The sides of the jircinaxillary, 22, 
bend abrii|)tly down in fi*ont of the nostrils, to join the maxillary, 
20, 21 ; this forms the lower boundary of the nostril, //, and joins 
above and belvind with the prefrontal, laerymal, and nasal bones: 
th(^ maxillary projects below the orbit, like a forwaril continuation 
of the zygoma, Ijecomes more prominent as it advances, and soon 
forms the outer angle of the three-sided socket of the canine tusk, c. 
There is a single but strong zygt)matic arch formed by the malar, 
26 , and squamosal, 27, abutting against the upper end of the tym- 
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panic pedicle, 23, The rami ol‘ the lower jaAV augment in depth 
froju th(i angle to the sym])hysis, where they are confluent, 'flie 
angle projects a viny little Avay beyond the articulation. The 
articular surface is moderately concave, and looks obliquely up- 
Avard and backward. The elcnnents of tlie postmnor half of tlie 
ramus answer to the articailar, angular, 26, and surangnlar, 25. A 
thin vertical sjdenial |)latc, On the inner side of the ramus, begins 
about an inch in advance* of the angle, and extends forward to the 
symphysis, at the back part of which it appears to become con- 
fluent with ils fellow. The part answei'ing to the angular diverges 
from the surangnlar, and forms the hind boundary of an olilong 
vacuity at tlie middle ot the side f)f the ramus, tlie fore part of 
wliicli vacuity is formed by a bifurcation of the dentary element, 
23 . This is thickened and strengthened by a ridge, subsiding at 
the vertical channel upoii the side of the sympjiysis, receiving tlic 
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tusk, s, when the mouth is closed. The symphysis of the man- 
dible IS peculiarly massive — broad, liigh, and thick. Anteriorly 
it is convex in (jvery direction ; it is bent or produced upward, 
terminating in a broad trenchant margin, like the fore part of the 
lower mandible of a macaw. The modification of the back part 
of the cranium, especially the great cxpansii)^ due exclusively to 
the dcvelopement of ridges for augnicntHig the surface of attach- 
ment of musedes (for the brain of the cdd-blooded reptile would 
need but a small spot of the centre of the occipital jilates for its 
])rotection), indicates the power that was brouglit to bear upon 
die head as the framework in which were strongly fixed the two 
large tusks. The strength or resistance of the cavities receiving 
tlie deeply iinjdaiitcd bases of the tusks was increased by the 
ridges developed from the outer })art of their bony wall. 

Only the Crocodiles now show a like extent of ossIficatioM of the 
occ/iput, and only the Chclonlans the trenchant toothless mandible ; 
but in both tlie outer nostril is single and median ; the Lizai'ds 
repeat* the divided apertures for respiriug air : in Mammals alone 
do we find a developement of canine tusks like that ih the 
Dievnodonts, 

§ il7. S/ttdl of Ftftromuria, — The skull of the Pterodactyle, 
fig. Ill, was as remarkable for its liglit and delicate structure as 
iliat of the Dicynodont lor its compact massiveness. It bad a 
single occij)ital condyle : a post-fronto-mastoid arch and a inalo- 
s(juamosal arcli on each side; the latter abutting against the end 
ot‘ the tympanic pedicle. The orliit was large, and the eyeball 
dorended by sclerotic ])lates. The external nostrils were divided, 
;uul placed about midway between the orbits and the muz/le. 
Tlierc was a large vacuity between the orbits, u, and nostrils, n. 
The jaws varied inuch in length in difterent species. 

§38. Scapular arch and appendatje, — Parts which project 
from the body to act on the surrounding medium commence as 
a bud or fold of skin, within which is formed the framework, in 
texture and structure according to the Avork to he done. The 
reaction of the medium, Avhether air, Avater, or earth, calls for the 
duo resistance usually afforded by junction of the projecting part 
^vith a segment of the eiidoskeleton. Thus, in Fishes, the frame 
<^>1 the oj)ercular flap articulates Avith the tyrnpano-mandibular 
Ju*ch : that of the brauchiostegal (gill-covering) flap Avith the 
l|Jernal arch of the parietal vertebra : that of the pectoral flaji or 
limb Avith tlie same arch of the occipital A^crtebra. Tlic frame 

the caudal fia]> or fin is attached to the terminal vertebrie of 
Ifio body : those of t^ie dorsal and anal fins are less firmly iuter- 
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locked with the neural and hiemal Rpiues of more advanced 
vertebnc. 

All thej^e various supports of flaps, fins, or limbs belong to the 
same natural genetic group of skeletal parts: their peri|)heral rays 
are not ‘dermal bones;’ they are developed between folds, not in 
the substance, of the integument; although in some iiiKStances 
they press away the skin and become coated by a ganoid conver- 
sion or calcification of its outer layer. 

The most simple condition of the parial (])cctoral and pelvic.) 
limhs is manifested by the Lepidosiren, fig. 100. A filamentary 
appendage is sustainotl by a single many-jolTited cartilaginous niy, 
fig. 101 A, a. In one species there are attached at right angles 
to the pectoral ray fine filaments sustaining the narrow fold, 
of membrane continued from its posterior side. A similar series 
of finer rays supports the membrane continued from the dorsal 
detached dcnnoneiirals of Foh/pienis, 
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Tin; iircli susiaiiiin'f tlic i)ectoral limbs of Lepidnslmi is also 
simfilc, <lcpartiii<f least from its arcliety|)al eonditlou. A long 
straight cyliiulrical l.oiie, (ig. lOl, a, iii, pi, is atlaclicd by a short 
ligamentous mass to the ei)encephalic arch, ih. n, of which it is 
the rib, or ‘ plciirapojdiysis,’ assuming in ulterior (Icvclopemeuts 
the s|iecial name of ‘ scapula.’ ith each scapula is articulated a 
larger and more flattened hone, ih. 52 : the two converge and 
meet at their lower ends, completing, as hicmapopliyscs, a widely 
expanded liiprnal arch. The entire segment. A, conforms to the 
thoracic modification of the archetype vertebra, fig. 19; and, simi- 
larly, is expanded in order to encompass and protect the heart: hut 
it is simplified by the absence of thehaunal sjiine in rrotojiterm, 
as the neural spine is sometimes wanting in a neural arch. The 
lueniapophysi.s, h, in ascending the vcrtchrate scale, assumes special 
fon/is, .signified by the? term ‘coracoid,’ with the uuniher 52 . Jn 
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TrotoyterU as In more piscine Ilamiatocrjja^ tlic coracoid ex- 
clusively supports the aj)pendage or limh. 

l^rom the condition exemplified in fig. 101, A, the dcvclopcinent 
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of the |)eotoral member diverges in two directions: one by midti- 
prK?{ition of many-jointed rays, the other by slin|)lification as to 
number of rays ami joints, witli special modification ajid difleren- 
tiatioii of tlie latter. 

§ 39. Pt.etoral limb of Fishes, — The first s(‘ries of niodifieations 
is now confined to Fishes: but, beibre describing the appendage, 
a l)rief notice of tlie arch is requisite. 

In most Osseous Fisli(‘s ihc j)lcurapoj)hysis of the occipital, like 
that of the two ante(?edent cranial vcnteln ie, is in more than one 
piece; but the divisit)ns do not exceed two. The upper ])iecG 
{supra scapula) is commonly bilurcate, as in the Cod, figs. 34, 7o, 
81, 50, the lower prong answering to tlie ‘ head,* the upper one to 
the ^ tubercle ’ of the thoracic rib in the Crocodile : the latter 
articulates with the transverse process {paroccipital). The lower 
piece {scapula)^ ib. 51, is a slender straight bone, pointed ))clow, 
and mortised into a groove of the coracoid, ib. 52. The two ])arts 
ot the scapula are coiiflueut in the Silurold Fishes. In the 
IMuricnoids the suprascapida is ligamentous, and loosely appends 
the scapular arch to the skull. In the Plapiostomi the arch is 
detached from its vertebra, and has receded in position, to allow, 
ns it seems, for the great exjiansc of the appended tin. 

The haiinapophysis, or ‘ coracoid,’ figs. 34, 38, 39, 75, 85, 52, is 
longer and usually brpadev than the scapirla. In the Cod-tribe, 
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its pointed upper extremity jirojects behind tliat bone and almost 
touches the sii|)rascapnlii ; a broad angular })late of tlie coracoid 
projects backward and gives attachinent to the radiated ap})endage, 
below which it bends Inward and forward, gradually decreasing 
to a point, wliicli is connected by ligament to its fellow, and to 
the urohyal bone, fig. 43. The inner side of the coracoid is ex- 
cavated, and its anterior margin i'okled inward and backward, 
lodging ihc origin of the great lateral muscle of the trunk. 

In most fishes the lower end of the arch is completed, as in the 
Cod, by the ligamentous sympliysis of the coracoids ; but in tin* 
Siluri and Platycejdiali the coracoids expand below, and are firmly 
joined together by a dentated suture. In all Fislies they support 
and defetid the heart, and form the frame, or sill, against which 
the opercular and hrancliiostegal doors shut in closing the great 
branchial cavity; they also give attacluncnt to tlie a|)oncnrutic 
diaiihragm, dividing the pericardial from the alidominal cavity. 

'fo the inner side of the npjier end of the coracoid there is 
attached, in tlnj Cod and Carp, a bony a|>pen(lage in the form of 
a single styliform rib; but in other Fislies tliis is more frequently 
composed of two pieces, as in the Perch. This single or doulih* 
bone, figs. 34, 38, 85, :)8, is slightly expanded at its upper end in 
the Cod-trihe, where it is attached by ligament to the inner si<lo 
of the angular process of (ho eora(!oid ; its slender pointed [Kirtlon 
extends downward and backward, aiul terminates freely in the 
lateral mass of muscles. In the liatmcliffs its upjier extremity 
rises above the coracoid, and is directly attuelied to the s[)inoiis 
])rocess of the atlas. In some Fislies, as the Snipe-fish ( (hifrhctt.s 
ScolniKU')^ tlie Cock-fish ( An/f/rciosas the Lancet-fish 

it is joined by the lower end to the corresjiondiiig 
bone of tlic opposltxj side, thus completing an independent in- 
verted areli, behind the seapular one. There is some reastin, 
therefore, for viewing the bone 58 as representing the bicnial 
arch of the atlas, or its Inemapojihysial jiortion. 

The usually free lower extremities of tlu*se iuemapophyscs, to- 
gether with their taking no share in the dir(‘ct support of the pec- 
toral fins, and their ineonstant existence, o}ipose the view of tlicir 
special liornology with the coracoids of higlier Vertehrates. 
To tiiat with tlie ‘ clavi(4es’ of higlier classes it has been 
objected that these hones are always situated in those classes in 
advance of the coracoids; hut this inverted ])ositioii may be a 
consequence of the backward disjilaccment of the scapula and 
conn‘oid iu the air-hrejithirig Vertebrates. 

The afipendage of the seapular arch, in most Osseous Fishes, 
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is composed of three segments: the first, of two, rarely of three, 
bones immediately articulated with the coracoid ; the next, ot a 
series of from two to six smaller bones; which, lastly, support a 
series of spines or jointed rays. These rays serially repeat the 
branchiostegal rays in the hyoidean appendage, and ihe opercular 
rays in ihe tympanic a])|)cndagc. The vcigetatlve repetition of 
digits and joints, and tlie vegetative SHflioness of lorin in those 
midti plied peripheral parts of the fins ol Ushes, a(‘eord with the 
characters of all other organs on their lirst introduction into the 
animal series. The single row of fewer ossicles, figs. and 
81, 5ti, vSU})portliig the rays, 57, obviously represents the doulilo 
carpal series in Mammals ; and the bones ol the brachium and 
antil)rachium seem in like manner to be reduced to a single seru's, 
r,i, 55 . In the ventral fin, fig. 34, c, no segment is developed 
bet ween tlie arch, ca, and the digital rays, 7o : it is in this r(‘spect 


like the branchiostegal fin, 40, u. 

The ])ectoral fin is directed l>ackward, and lieing ap]>lied, 
])rone, to the lateral surface of the trunk, the ray or digit answer- 
ing to the thumV) is toward the ventral surface, .riicj low'i'st ol 
the i)oncs siippovtlng tlie carinis should, therefore, be regaided a^ 
th(i radius (figs. 34 and 81, 5t), lioldlng the position wliicli that 
l)one niKpiestionably does in the similarly disposed pectoral fin ol 
t!ie Plesiosaur, fig. 4o, 54, and Cetacea. The ni>por bone, whicli 
commonly afiords support to a smaller proportion o(‘ the carpal 
row, may be coinjiarcd to the ulna (^il). 55^, As a thiid sin.dl 
l)()nc is articulated to the coracoid, in some Osseous Fishes, 
at least in their Immature state, the name ot humerus may be 
confined to that bone: but in these it is generally above and on 
the inner side of the ulna, and seems to be rather a disnuunbei- 
inent of it. In the Salwonidrc^ it is more distinctly (lev(‘lopcd; 
it is articulated in the Bull-trout (*S\ eWar)' to the middle ol the 
liack part of the coracoid l)y a transversely idongatcd extrcmiity ; 
and is oxiianded at its distal end, where it articulates by cartilage 
with the radius and ulna, lu the Cod, Haddock, and most other 
Fishes there is no separate representative ot the humerus: in 
these the ulna Is a short and broad plate of bone, deeply emargi- 
nate anteriorly, attaelied by suture to the coracoid, and by the 
opposite expanded end to the radius, and to one or two ot tlie 
carpal ossicles, and directly to the upper or ulnar ray of the fin. 

In the Bull-head and Sea-scorpion {Cottus\ the radius and 
ulna arc widely sejiarated, and two ot the large s([uarc carpal 
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plates in their interspace articulate directly with the coracoid. A 
similar arrangement obtains In the Gurnards and the Wolf-fish ; 
but the carpals in the interspace of the radius and ulna are sepa- 
rated from the coracoids by a sj)acc occupied by clear cartilage ; 
and in tlie Wolf-lish the intermediate carpals are almost divided 
by two opposite notches. The ulna is perforated in all these 
fishes. 'Fhe radius is of enormous size in the {Lampris), the 

Cock-fish, fig. 38, and the Flying-fish ; It is anchylosed with the 
coracoid in the Sihtrint, to give firmer support to the strong 
serrated jiectoral spine. Moth radius and idna are connate with 
the coracoid in the Angler (Lophius^ fig. 102, 51, 55 ). 

Tlie ossicles called carpals arc usually four or five in number, 
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as in the Cod tribe, fig, 81,50; they progressively increase in 
length from the ulnar to the radial side of the earinis, especially 
ill the rarr()t-fisli (aSVyy/’w.v) and the Mnllets (Mufjil), Tliey are 
three in ninnher and (dongated iu the Polypterus, fig. J03, 50 , 
lint are rediieed to two in numher, and more elongated in the 
iiophius, fig. 102, 5F.) ; thus they retain in this spcicies and in tlie 
)Sharks, fig. 104, their primitive form of ^rays lint eliange to broad 
fiat hones in tlie A\^ilf-lish, just as the r.iys of the opercular fin 
e.xchange tliat form in tlie Fhigios tomes for broad and fiat plates 
in ordinary Osseous Fishes. 

The rays representing the metacarpal i\ml phalangial bones are, 
in the Cod, twenty in luiiiibcr, and all soft, jointed, and sometimes 
bifurcate at the distal end. Idieir proximal ends arc slightly 
expanded and overlap each other, Imt are so articulated as to 
permit an oblique divarication of the rays to the extent jierinittcd 
by the uniting fin-membrane, the combined effect being a move- 
ment of tlie fin, like” that called the " fcatheruig of an oar.’ Each 



ANATOMY OF VEKTEBKAl’KS. 


I(i7 


Ssol’t and jointed ray vS])lIts easily into two lialves as far as its base, 
and appears to l>e essentially a eoTijoln(?d pair. 

In tlie series of Osseous Fislies the rays of the ])cctoral and 
ventral Uns oiler tlic same modifications as those of the median 
fins, on whieli have been founded the division into ‘ JMalaeoptery- 
‘gians’ and ‘ Acanthoiderygians in the former, the last or ulnar 
liu-ray, is usually thicker than the rest^ in the hitter it is always 
a hard, unjointed sj)inc : in some Fishes it fornivS a strong pointed 
or serrated w(*a]>on ( In the Gurnards, fig. 82, the three 
lowest rays are detached and free, like true fingers ; and are soft, 
multi--arti(‘ulate(l, and larger than the rest; they are su])j)licd by 
sjX'eial nerves, which come from the 2 ><*<'nllar ganglionic cnlarg{‘- 
inenls of the spinal chord, and are organs of ex’ploratlou and of 
subaqueous rei>tatlon.' In all the Gurnards the natatory i)art o(‘ 
the ])ectoral member is of large size; but in one s])ccie.s (Dartijh- 
jifvniit) it presents an unusual expanse, and is able by its stroke to 
I’aisc and sustain for a brievf period the body of the fish in the air. 
^riie j sectoral fins ])rescnt a still greater deve]oi)ement in the true 
Flying-fish ( ZyroroVz/.v). 

In some Malacopteri and Ganoidei a segment analogous to a 
metacarpus may be distinguished by inodificatioii ol’ structure 
iVoin the jdialangeal portion of the fin rays : in the Folyiderus 
there are sevimtcen simple cylindrical metacari)al bones, fig. lOo, 
57, the middle on(>s being the longest: they sustain thirty-five 
digital rays, and arc sii{)ported by 
carpal bones, ib. 103, nn, of which 
two are almost as remarkable for - - 

their lengtli as in the Lophius ; the ’/ 
third, sliorter and broader, is wedged 
into the intersj)ace of tlic two longer “"^7' 
ones, but does not directly join the i^jnosof ixvi. v.ii nn nf 
metacarpus. The carpus is supi)orted by a small radius, 5:), and 
ulna, 54, wdiich articulate directly with the coracoid. A further 
a])proach t<:» the higher eonditlous ol* tlie pectoral memb(‘r is made 
hy tlic same Fish in the ear 2 )al ])ortion projecting freely from the 
side of the l)ody, as in the Lophloid Fishes. In the Salmon, 
where eleven such inetacarpals sui)port thirteen or fourteen fin- 
rays, the carpus is sliort and consists of four bones. 

In the Plagiostomes the sca})ular arch is detached from the oc- 
cifuit, the conditions of its disiilacement being the more varied and 
vigorous use, or the enormous expanse, of the pectoral fin ; per- 
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haps, also, the more posterior position of the heart in tlicse Fishes. 
Ill the Sliarks and Chiimernc the arcli is loosely susjieadcd hy 
ligaments from the vertebral column : in tlic Hays the point of re- 
sistance of their (morinous pectoral fins has a finncr, but soineivliat 
anomalous attachment, by the medium of llie coalesced up])cr ends 
of the su|)rasca|)ular piecewS to the summits of the sjiines of the 
confluent anterior portion of the thoracic alxlominal vertebra'. Tn 
the Sharks the scapular arch consistvs (*hiefly of the coracoid por- 
tions, fig. 104, 52, which are confluent together beneath the jieri- 
cardiuin which they supiiort and defend ; the scaiiular ends of the 
arch, (‘onnectod to the coracoids by ligament, project freely ujiward, 
backward, and outward. To a ]>osterior ])rominence of‘ the (‘ora- 
coid cartilage corresponding with the anchylosjpd radius and ulna, 
ib. 54, 55, in the Lo])hlu.s, there are attached, in the; Dog-fish and 
most other Sharks, three sub-compressed, sub-elongated car|»al 
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cartilages, tlie uppermost, lb. 5r,, ihe smallest, and styliform ; it 
.supiHuts th(i uppi;r or outer plialangeal ray. The next bone, ib. 5f/, 
is the largest and triangular, atta(*hcd by its apex to the arch, and 
supporting by its base the majority of the phalanges. The third 
carpal, ib. is a smaller but triangular cartilage, and supports 
six of the lower or radial phalanges. Three joints (metacarpal 
and digital) complete each cartilaginous ray or rcjn’cscntative 
of the finger, ib. r>7 ; and into the outer surface of the last are 
inserted the fine horny rays or filaments, ib. 57", the liomologuos 
of the claws and nails of higher Vertebrata, but whirii on their first 
a])pearance, in the present highly organised cIhss of Fishes, mani- 
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lest, like other newly Introduced organs, the j)i*Iiici]>lc of vegetative 
rci>etition, there being three or four horny filaments to each carti- 
laginous ungual phalanx. 

(Jn the fore ])art of the coracoid arch, near to the prominence 
sup])orting the fin, there arc developed a \ crt.ical scries of small 
bony cylindrical nuclei in the substance of the cartilage in most 
KSharks. In the liays tlie coraco-scapnlar nrch forms an entire 
(fircle or girdle attached to the dorsal spines : it consists of one 
continuous cartilage in tln^ RliinobntaSy but in otlier Kays is divided 
into coracoid, sca])ular, and su])rascapular portions, tlie latter 
united togetlun' l)y liganumt. The scaivula and (!oracoid expand 
at tlieir outer ends, where they join each oilier hy three iioints, to 
eacli of which a cartilage is arti(*ulated homologous to tlie three 
above described in the Shark, and which iinniediately sustain the 
fill-rays. The jiosterior cartilage answering to the ii[)])er one in 
the Shark curves haihward and reaches the vtmtral fin : the an- 
terior eartilage curves forward, and Its extremity is joined hy the 
antofbital process as it jiroceeds to be attached to the end of tlie 
rostral cartilage ; the middle jiroximal cartilage is compai'ativcly 
short and crescentic, and sustains about a sixth part of the fin-rays, 
whicli are the longest, the; rest being sup]>orte(l I>y the anterior 
and posterior carpals, and gradually diminishing in length as they 
approach the ends of those cartilages. 

Devclopiiinent hy irrelative repetition of j jarts rcacdies a maximum 
ill the prcsimt plagiostomous group. In the common Kay, fig. 64, 
there are u[)war(ls of a hundred mauy-jointed lingers in each pectoral 
liinh : but all arc bound up in a common I’uiictloii of the simplest, 
kind. 

§ 40. Pectoral Hmh of Reptiles . — The other route of devclojic- 
ment from the prototypal condition exemplified in fig. 101, A and 

leads to a dilfcrcntiation of the several divisions and parts of the 
limb, and their adajitation to particular functions or parts of coin- 
Iiiiicd and varied mechanical actions. 

The first stei), as manirested in the Ampliiimic, ih. u, o, is the 
formation of a long inficxihle segment, as a lever of greater resist- 
ance, 53 and 05; tliis is followed by a [lair of similar, but sliortcr 
cylindrical bones, each sustaining a ray of few joints. The 
Jiroximal bone assumes tbrougli ulterior develo’pemeiits the special 
name ‘ humerus,’ or arm-boue, with the symbol 53, in the fore 
linib; and of ‘femur,’ or tliigh-bone, with the symbol 05, in the hind 
limb. The two bones of the next segment liecoinc, in tlie fore 
limb, ‘radius,’ 54, and ‘ ulna,’ 55 — collectively, aiitibrachium or 
‘fore-arm;’ in the hind limb, tibia, oo, fibula, 07 — collectively, 
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the cncniloii or log*. The mass of fihro-cartilage, in whicli 
more or Ihwor ossicles are subsequcTitly dovelojied, interposed 


10 .) 



Ski'IJ’toii i.f 7i ldl;in!itntni.-<, \vi»li ’ 
fO si'iml iiiif.-iiiic. < f/\ni. 


between the antibrachiiim and terminal 
ra}'s, is the ^ eiirpiis,’ r>o : the corre- 
sponding mass ill the hind limb is the 
tarsus, G8. 'Flic terminal rays are the 
digits, called ‘hand,’ and ‘fingers,’ no, 
in the fore liml) ; ‘ foot ’ and ‘ toes ’ in 
the hind limb. The jif^ximal joints ol* 
lliese rays, being bound together in a 
sheath of intogunient, are ditforentiated 
as ‘ inetaearpals ’ in the hand, and ‘ meta- 
tarsals ’ in the foot. The other joints 
are the ‘ phalanges,’ ultimately distin- 
guished as ‘ proximal,’ ‘middle,’ ‘distal ’ 
or ‘ungual,’ as usually sup})orting a claw 
or nail. 

In the extiuct Cnnorrphala^ and in the 
few surviving iclilhyomorphous or ])or- 
onnibraiiehiate Ihitraehia, the .sim|>le 
type (d* limb, as in tig. 101, r., is re- 
tained; only that the digital rays in- 
crease in number from the ‘ two ’ in 
Ainjiliimna^ tr) ‘three’ in Proteus, and 
to ‘ four’ in JMeuopoma, fig. 4.‘b .57, and 
A.colofes. 

In the extinct /f'4//r//n/;A77/y/fr the <ligits 
may be seven, eight, or nine in number, 
and consist of numerous short joints — 
a significant mark of piscine affinity: 
they are bound together, but (‘.onverge 
towards a ]K)int: the joiiits arc; of a flat- 
tened angular form, and int(M*lock with 
tliosc of the contiguous digit, the whole 
foi'ining a continuous, l>road, slightly 
tlexible basis of su])i)ort to the tin. 4.110 
essential distimrtion from the fin of the 
lisli is shown by the well develojied 
^ lunnerns,’ r>.i, and by the complex sca- 
pular arch, dlie two aiitlhracliial bones 
retain the piscine shortness and breadth ; 
and the inetacar|)al series is Ics.s distinctly 
defined than in some fishes. 
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The scapula, 51, is short and straight, displaced I)ackwav<l iVoin 
the occiput, and contributing to form the shoulder-joint, as in the 
Jiatrachia and hi glier air-breathers : but it shows a certain brc^adtli 
and llatness. The cora(*oi(l, 52 , is still broader, not crartilaginous 
as in most pcrcnnibranchs, ))ut well ossified, and unitcKi below 
with its fellow, and with a small ‘ epistermirn ’ of a triradiatc 
form, one ray of which is wedgetb^mto the fore i>art of the 
intercoracoiil fissure. There is also a pair of Ixmes, 50 , long and 
slender, articail^teil with the fore border of the scajnda and the 
transverse rays of the episternum : tliey are the clavicles. A 
sup}>lementary tlattened lione, the epicoracoid,’is wedge<l between 
the sca]»ula, clavicle, and coracoid. 'flie above complex and 
])owerful scapular arch would enable the fore-|iaddlc-s to a('t u])on 
the land with sufficient power to ofiect a shntHing forward inove- 
vnent of the body, as in the Turtle {Chrlour) and Seal tribe: Imt 
the main office of (lie fore-limb in the Ichthyosaur was that of a 
•jK'ctoral fin. 

In the J*i.rsii>s(nfrns, fig. 45, the limbs a(M[nired a develo])enient 
more closely accordant with tiiat in Cltchmc. The scapula, 51 , 
developes an acromial process rejn’csenting the clavicle. The 
eorac()id,5i>, isuiuisnally extendcMl in the triujk’s axis, and is unite«l 
with its fellow by a long symphysis inierposod between the aii- 
t(‘rior abdominal rib and the cpisteriumi ; it articulates at its fore 
part with llu^ ei)isteniimi and clavicular jn'oeess, and, further back, 
with the lower end oi’tlie scapula to form the humeral joint. 

The liumerus is pr(»}>ortu)nally longer than in IchtJu/osainK^f^ 
the radius is better dt^veloped, and slightly ex])andc<l at both ends; 
the ulna retains a flattened reniform shape. The carpal series Is 
distinct, in a double row of ossicles, tlu'. largest at the radial side 
oi the wrist, the opposite side retaining more unossifioil material. 
The digits are five in number, with the proximal and more elongated 
joints representing a metaearpius. The phalanges are shorter, and 
decrease in size to llic ti]>s of the digits, which converge. The 
first or radial digit has generally 3 ])halanges, the second from 5 
to 7, the third 8 or 9, the fourth 8, the fifth 5 or 6 : all are flattened 
and included In a eommoii sheath of integiiinent like those of the 
Turtle ; l)ut the paddle had no claws. 

file scapular aredi retains the same essential slmp]I<'lty In the 
C heloiilan as in the Sauropterygiau order, only the ticromlal or 
clavicular process is relativcdy longer, more like a collar bone ; it 
extends from near the articular ])art of the sea])ula t*)W'ard tlie 
uiediau Hue, iu advance of the coni^oid, fig, 51, o, with the 
medial end Hgamciitously attached to tlie ('[)istcrnak In the 
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Torloise ( Teatndo) it: Is shorter, in Chf^h/a, fig. 106, A, it is longer 
than tl»e scapula, u. This bone in all Cheloniaiis is a strong, straiglit 
eolumnar one, with the upper eiul conneeted by ligaincnt with the 
inner surface of the first costal plate, fig. ol, x ; it des(.‘,en(1s almost 
Axn'tically to the shouhler-joiiit, of wliicli it forms, in emmnon with 
the eoracoitl, the ^glenoid' cavity, tig. 106, //. The coracoid, 
suturally united at that end with the scapula, passes iinvard and 
backward, fig. 51, o, expanding and becoming flattened at its 
median end, w)il(fii does not meet its fellow nor articulate with 
the sternum. The. corac<>id is broad and short in the I'ortoise ; 

long and slender in Chrlonr and 
7C//t//s\ fig. 51, o, itf intermediate 
pro}Mn*tions in 7V/n////./- and 
fig. 106, c. The scaj>ular arch 
and ])roximal ])art of the llnd) l)eing 
included in the thoracic alxlondnal 
box, the humerus is ])eculiarly 
l)ent and twistcal in the tc'rrt's- 
trial species in order to emergt* 
from the front fissure, and ])lant 
the foot on the ground, Hg. 51, 
I*. In the Tortoise the ordinary 
])Ositioii of tlie fore-limb is that 
of extreme ])rouati()u, with the 
olecranon forward and outward, 
and the radial side of tin? hand 
downward. The ea]>snle th(‘ 
shoidder-joint iuelndcs a consider- 
able [)art of the neck of tin' 
humerus. The hemispheroid head projects unnsindly from the 
back part of the bone, which looks u[)ward: the tid)erosities 
are large and 1)eut toward the palmar asj)ect : that which is 
internal in most animals is here ‘ postero-snj)erior ; ’ tliat callcfi 
‘external’ is ‘ ])ostero-lnternar in position ; from the former is 
continued the ‘<leItoid crest.’ The distal end is expanded and 
rather flattened from hofore backward. In the Turtle the humeral 
shaft and its lower end is compressed laterally: and the hone 
is almost straight in those marine species; in all Cholonia it is 
solid throughout. Tlie ulna is shorter, and in the Turtle, fig. 
107, h, the oleeranon is less develojied than in the Tortolscj, fig. lOH, 
h, 5rj, The CiUitrast between the marchers and the swimmers is 
most striking in the jiroportions of the toes. In tlie Ihirtlc, 
fig. 107, the pollex, /, is short and has two [ilvilanges after the 




ANATOMY OF VERTEBRATES, 


173 


107 


metacarpal : the last phalanx sui)porting a claw. The three 
iiiidtUe (.limits, ?7, Hi, w, have each three long phalanges, the 
last l)eing flattened and without a claw; the lilth has two pha- 
langes. All these are connected iogetlicr by a web. In ilie 
Tortoise, fig. 108, all the toes arc very short and 8u])e(iiial; and 
each has one inetacarj)al and two phalanges, the last siij>i)orting a 
(?law ; the few species in which tlui^ifth has but one phalanx 
and no claw form the genus ITomopna, Duin. and Bib. In 
Fsinijs cnropim, fig. 51, T, ir, the first and fifth digits have each a 
inelacarpal and two phalanges; the others have three phalanges; 
the last l)ears a claw in each digit. In the Soft or j\Iiid-tiirtles, 
the ])ollex has two phalanges, the 
second with a claw ; the three middle 
digits hiive each thn^e phalanges, 
hut only the index and inedius have 
llu^ claw; the filth digit has two 
])halanges and no claw, whence 
tho*generi(5 name Triovi/x, proposed 
l*or these lVe<tuentersS of the muddy 
cstmu'y. 

In the CnH'odilia the scajnilar arch 
consists of a sim[)l(i scapula, fig. 57, 

:>!, and cora<;oid, ib. 52, and fig. 5 t, 

8: these comywessed, narrow, mode- 
rately long plates of bone, are 
thick(?sl:, where they are united to- 
gether to form the glenoid cavity 
for the humerus. In each, the bone 
contracts beyond the articular ex- 
j)ansion , 1 x'.ct )i] les sub-cyl indrica 1, 

but soon again flattens and ex])ands 
to its opposite (md ; that of the sea- 
])iila js free, that of the (a)racoid 
joins the lateral l)order of the ster- 
num. There is no trace of clavicle, 
no acromial projection from the sca- 
pula. 

The humenis, fig. 51, 53 , presentvs two (;urves : the articidar head 
is a transversely elongated, sub-oval convexity ; it is continued 
nj)on the short, obtuse, angular prominence, answering to the inner 
or ulnar tuberosity. The radial crest begins to i)roject from the 
shait at some distance from the head of the bone. There is a 
hmgitndinal ridge on the anconal surfafce close to the radial border. 



Bonos of fuiT'.'iim .‘UhI I'addlf, C/irfoiu:. ('Ll. 
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The distal end Is transversely extended and divided auteriorljr 



into two condyles. The shaft has a medullary 
ea vity smaller than in land li/ards. The radius, 
57, t, fig. 109, />, 54, has an oval head, au 
almost cylindrical and straight shaft, with an 
ohlong and snbeompressed distal end. The ulna, 
iig. 57, .S', fig. 109, <7, 55, artleulutcs with the 
outer condyle of the humerus ])y an oval facet, 
the thick convex border of which SAvells out be- 
hind like the beginning of* an Sdeeranon ; ’ the 
shaft of the ulna is compressed transversely and 
curves slightly outward ; the distal end is less 


^ ' than the i)n>xiiiial one, and articulates witli the 

riA. i i i i i. i ri-‘i 

second ami third bones ol the carinis. Ihe lirst 
mctacariial suji]K)rts iwo ])lialanges, T, the sceond throe, it, the 
third and lourth, oatdi lour, the fifth, v, three phalanges wliich 
100 arc very slender ; but the jiroportions are shown 



Mfilii J f.r I'orv-.’inn ;itul 


In the cut; only the Iocs, i, ii, and iii, have tlie 
claw. All are liasally united by of short weh, 
but tlie fore-foot is chiefly used in movements 
uiKui laud. 

In tlic -.Monitor ( Farayns ni/ofirHs) the supra- 
scapula is a broad seiuiossified plate ; tlie 
scapula is sliort and bi’oad, and appears to 
liave eoaloseed with the coracoid. Tliis hone 
is mnch expanded, and has two deep notches 
anteriorly, and a perforation near the hnmeral 
articulation. In some l/izanls it sends for- 
ward an acromial iirocess. The enra(‘oid is 
sliort er and broader tlian in the Crocodile, 
nhuts against the upper margin of the rhom- 
boldal sternum, and sends off two ]>rocesses 
from its anterior border, the one next the sca- 
]Mila ahiitting against tlie transverse branch of 
th(i e|)istcnium; the other against the snh- 
ossified ojiicoracoid ; this element overlaps that 
of the opposite side. In the IMonitor, as in 
most Lizards, tliore are diKstinct clavicles : usu- 
ally long and slender hones, with more or less 
expanded extremities, extending from the body 


of the epistcrmim and accompanying the trans- 


verse branch to abut against the scajuila; and sometimes also 


reaching the outer jiroces^ of the coracoid. In Lacerta, Cuv. 
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and Scincus, the clavicle expands at its medial half, which has a 
large vacuity or perforation occupied by niembrane. In tlic 
Chameleon the scapular arch is 
as simple as in tlu^ Crocodile, no 

but the coracoid is sliortcr and 
bi’oader. 

The humerus in Lacertiaus is 
usually larger and straighter, fig. 
oO, Draco ro/aus, than in the 
( ■i (H!odilcs, with a more coin])act 
wall and wider medullary cavity. 

^riu^ radius, ib. and fig. 110, h, 

54, is almost straight, and slender, 

Avitli an oval proximal articular 
cojuiavity, and a distal surface 
(!onyex, ])artly concave. 

The ulna, fig. 110, a^, 55, shoAvs 
the 'olecianon better (lcvclo])od 
than in tlie Crocodile: its dis- 
tal articular surface Is convex. 

The digits arc five in number, 
tlic j)halanges wyo. 2, .‘1, 4, d and 3, 
counting from the metacarpal of 
the first’ to that of the flftli digit: 
cacll has a claw sup])0rte4l on Won.lsr.f |\uc--:«nn:nkl f.u.l, < n,i. 

a moderately long, compressed, 

cnrvc<l, and t)ointcd phalanx. The C'hanieleoii offers an ex(*eption 
to the numerical rule, the phalanges being 2, ,4, 4, 4, 3; and the 
dircelion of the digits modified for the scansorial fuiu'tion in tiu'se 
arboreal Lacertians: r, ll, and lii, enveloped by the skin as far 
as the claws, are directed forward; iv, and v, similarly sheathed, 
arc directed backward : and the joints arc shorter and broader than 
in Land-lizards. 

Tlie fore limbs in Draco uolam accord with the usual laccrtiaii 
ty])e, and take no share in the snp})ort of the ])ara chute. Ihit 
in the extinct order of truly volant llcptiles {Picro.muria) they 
Avere inodilied for the exclusive su])port and service of the wings. 
The scapula, fig. Ill, 51, long, tiarroAV, flattened, and slightly 
exj)aiided, lay more }>arallel with the spine than in land and sea 
Iveptiles. The coracoid, strong and straight, and combining, as 
usual, with tlie scapida to form the glenoid cavity, ai*ticnlated at 
the oj)posite end with a groove at the fiire-jiart of a dis('oid 
sternum, Avhich part is produced and keeled, 'fhe huincriis, ib. 





176 


ANATOMY OF VERTEBRATES. 


r)3, is more expanded at its proximal end than in the Crocodile or 
Lizard ; the inner (ulnar) tuberosity is more prominent, the radial 
crest much more developed: with a liase coextensiYC with one 
fiftl) of* tljo shaft of the bone, it extends in a greater ijroportion 
from the sliaft, affording a ])owerfnl lever to tlie muscles inserted 
ijito it. The articular liead is reniform. The shaft is cylindrical: 



SiicN'foii of JJO'tor.'ilion of l.Mcrotlrurli If. ci-WX. 


the walls tliin and compact, the cavity large, and was filled with 
air as in birds of flight.^ 

The ‘ ])iieuiiiatic (oramcii,’ or that by which the air passed f]*oni 
a contiguous air-cell into the bone, is situated on the fore (palmar) 
side, a little below the radial end of the head of the bone. The 
radius, ih. .V4, and ulna, ib. 55, arc very long, straight, and closely 
connected together. The digits show the lacertiaii number of 

* CXLix, p. 16. u.xvi. p. 451. This discovery hreiiks down tlie follow'iiig 
distinction; ‘Au rcslc, distingue toujours rhuincriis d’un lOzard dc cclni d’uii 
oisetiu, pareeque le premier n’est jms creux ni pcrcc dc troiis pour I’eiitrcc dc I’aii* 
riaiis son intcricur.’ cu. v.-pt. 2,^). 290. 
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phalanges fi’om the first to the fourth, and slightly increase in 
length: each terminated by a deep compressed, curved and 
pointed ungual phalanx. The modification converting the limb 
into a wing ivS confined to and concentrated upon the fifth digit, ib. 
f) : its metacarpal presents almost the thickness of an antibrachial 
bone: the proximal phalanx, of ct][ual tliickness, has more than 
twice the length, and at the proximal^^olnt shows a process like 
an olecranon. This is usually followed, as in Pterodactylas 
vnuurostris^ l)y three similarly elongated idialanges, of which tlie 
last gradually tapers to a i>oint. The fore limb thus exceeds in 
loiiglh the whole body, and is presumed to have supported a 
meinbranous wing, as in the sketch A, fig. 111. 

Sucli are the chief modifications by which the fore41mb, in the 
Reptilian series of cold-blooded air-breatliers is or lias been 
adapted for acjuatlc, junpbibions, terrestrial, arboreal, and aerial 
life. Before, however, <iuittlng this suliject, it may facilitate the 
comprehension of the homologies of the carpal series of ossicles, 
l)y corududing with a separate and serial review of them in the 
Rcjitilinn group. 

in the Toad {Bufo') the carpus includes eight bones: the two 
princifial are the ‘ limare,’ fig. 44, 0, and ‘ cuneilbrme,’ ib. c, 
res])OCtiv'ely articulating with the radial and ulnar divisions of the 
autlbracliial Ixuie, ib. 64, 55; the scaphoid, 0, presents its ‘ inter- 
medial’ [>osltlon between the lunarc and the four ossicles on the 
radial side of the distal series : these consist of the trapezium 
trapezoides tr, magnum and tlie divisions of the unciform u for 
the fourth and fifth digits; that for the fifth being the largest 
of the five hones. The tliumb, i, is represented by its inetaearpal 
only ; the index, fig. 44, A, ii, and mcdiiis, ill, have each a 
motacnrpal Avitli two phalanges ; the digits IV and V have each 
three phalanges. 

In the Tortoise ( fig. 108), the antibrachium articulates 

with three carjials forming the proximal row ; the first or radial 
bone, ib. ^/, answers to the ^scaphoid’ with the ^ intermedium ’ c ; 
the second ib. c, to the lunare ; the third, ib. to the cunei- 
forme ; the lunare being interposed between the cuds of the radius 
and ulna. In the Emys, fig. 51, s, the carpus has a similar struc- 
ture ; but in some species there is a distinct pisiforiiie. In the 
Turtle ( Chehne), the scaphoid is reduced in size, and represents 
only the intermcdlLun, fig. 107, e; it is separated by the lunare 

from the radius «, and is pushed into a position analogous to 
that which its homotype the ^ naviculare’ Jkolds in the mammalian 
tarsus. Without tlie light from the testudinate modification. 
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fi<nr. 108, iho bone e, 107, niiglit be taken for a connate 
‘ scaplioliinar/ In botli tortoise, terrapene, and turtle, tluj distal 
row of <*arpals consists, as in tlie Toa<l, of live Ijoiies, one to each 
of tlui five nietacarpals. About tlieir homology there is no diffi- 
culty ; the bone, tig. 107, i, which vsnpports tlie poilex, i, is the 
trapezium; the next 2, the trapezoides; the thi)*d a, the inagnuin; 
and tlie fourth and fil'th arc the two parts showing tlie type-state 
of the connate bones, called ^iniciforni’ in mammals. A l)on(^ 
analogous to a ^]>isifonn, f, fig. 107, is attached to tlie nlnar 
division, o, of the uncilbrm, and, visually, also articulates witli the 
cinieiform in the Tiu'tle. In ChchfH and Trwntjx^ the bone 
answering to c, fig. lOS, is divided ; the part, c, answering to 
the ^ intormedimn ; ’ Trionifx has also a ‘ pisilurm.' The carpus 
in most Lacertians, e. g. in Varanns has tlu* scaphoid 

reduced, as in Cftf'/ot/c, to the intm-medial portion ; Imt the trajic- 
zlum unites directly with the Innare, and this articulates exclu- 
sively wltli the radius, simulating the scaphoid in position; it 
has, however, on its ulnar side, the ‘ cuneiform ^ articulating with 
the illna, and a ^ |)Isifi)rin ’ ternfuiatcs the pi'oximal row, Ihe 
distal row c(H)sist.s of five distinct bones: the unclforn) being 
divided, as in Cheiouians. In the Chameleon, fig. 110, tlie 
proximal oar[ml sei'ics consists of tlie born^s c and </, aiiswcihig to 
the two respectively articulating with the radius and nina in 
Vanmifs^ and with those marked c and d in figs. 107 and lOS, 
The second carpal row has received two Interjiretations. In one 
they are rejircsented by the Jive subelongato bones having tlui 
distal joints of* metacarpals; in the other they have coalesced into 
tlie single lione <*, which otherwise would ho nuirc'Iy an enlargeil 
‘ internuMHiun.’ We shall afterwards see how tlie principle of 
* serial liouiology ’ helps in the solution of sucli [iroblems. The 
five bones radiating irom tlie bone r an* metacarpals ; the first 
supports two, the second three, the thini four phalanges, as in other 
.Lacertians ; and tlio ('quality of length in the o{>posing [lair of 
digits, IV and v, is prest'rvcd by the deduction of a phalanx from 
the lacertiaii number. 

The correspondence of the CTiameleon s scapular arch with that 
of the Croe.odllc has been adverted to; and, similarly, the distal 
row of carjmis is reduced to a single bone, fig. 109, f, in the 
Crocodile, supporting the medius, iii, annularis,- 1 v, and minimus, 
V, digits ; and answering to the magnum and unciformc connate. 
The proximal row includes three bbnes answering to the lunare, 
C, and cunei forme,//, m^Chrlorn'^ fig. 107, and Chamdeo, fig. 110; 

’ CLi. i»l. xvn, rig. 15. • 
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to wliich 18 added a pisifdrnic, fig. 109, in the usual position, 
'riie piXMiliarity of the bones c and d in Crorodilki^ is tlieir iinusual 
length? showing a constricted shaft between the expanded ends, 
llnis siimdating iiietaenrprds .in shape, for which, wliea found as 
detached fossils, they have been mistaken. 

The digits in the class Rvpfilia arc genonilly characterised by 
a ))rogTessive incretiso in the min\ber of"their joints, (roui tlie first 
oi’ innermost to the third or fourth ; the Cltvlouia being the chief 
exceptions. In 7estffdo^ fig. 108, eacdi <ligit has one metacarpal 
and two phalanges; in T'csL tabidatu. the fifth digit has but one 
phalanx.’ 

§ 11. ]\lrlr nrrh and liiidf ()f cold-1 )looded verte- 

hrates, e.g. Muraaioids and Ophidians, have neither fore nor liiJid 


limhs. In a few, e.g. Ampnlfkla^^ (hfninoH^ 
X/p/tiff.s*^ Si mi, the sca|adar andi and liml>s 
are ])r(\<ent, l)ut not the pelvic arch and limbs, 
Jn most fishes the latter exist, but Jess deve- 
loped 'Ilian the pectoral ones, and less fixed in 
position. 

Only tlie hannapopliysial pt»rtion of tlie 
pelvic ar<‘li is developed in connection with 
the diverging appendages, termed in Fishes the 
‘ N'cmlral fins,’ Tludr rays in osseous lislies, 
fig. 112, us, are directly supported by the bones, 
rs, ^vblch, uniting together, near the point of 
attaeimumt of tin* fins without an intervening 
hone, resemble their hcnnotvpes, the eoraeohls; 
l»y virtue of which ‘ serial homology,' we infer 



Ivi*- iiiu'l litiihs. 


iheir special oiu? witli the iseliia of hightn* n-ut s./.mo) 

animals. Kaeli lione is a snlitriangular plate, su|>portmg the 
fin hy its ex])anded end ; and, either susjiendcd in the Jlesli, 
as in tlie Salmon and Sturgeon, fig. 29, Y, or attached hy the 


narrower end to tlie coracoid, r/j, as in the Cod, fig. Ilf), r>a. The 
representatives of liirsal, tihial, and femoral boms, are wanting in 


all Fislies. In Aeanthopterans one or more' of the anterior rays 
oi the ventral fin may lie liard unjolnted spines, as in the other 
fins; In IVIalaooptcrans all the ventral rays arc soft, inultiarti- 
cnlate, and hifiircato. 


In no fish is tliis ineoin))lote pelvic arch directly attached to the 
vevtdiral column. If wc may judge from the position in which 
the ventral fin appears in the developemeut of the embryo fish, as 


* xuv. i>. 205, No. 1079 : sco also pp. 206, 207,iNos. 1079, 108.1, 1087, 1091, 
109.3, for further dcttiils ofHhe bony structure of the fore foot in Chclonui, 
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a little bud attached to the skin of the belly, and from the fact 
that all the fishes in the jreoloDjical formations anterior to the 
chalk arc abdominal, that is, Ian c the ventral fins near the pos- 
terior end of the abdomen, as in the Sturgeon, fig. 29, V, we may 
conclude that the supporting bones are, essentially, the Inemapo- 
}>hyscs of the last rib-bearing (or pelvic) abdominal V(?rtcbra. 
Ileing suspended more or less freely from the under or ventral part 
of the body, these fins are subject to great diversity of ])osition in 
relatioji to the two extremes of the abdomen. On these diflerences 
Linnanis based his primary classification of Fishes; lie luiited 
togethor, for example, those Hslies wliieli hn\'e the pelvie or 
ventral fins near the aims, fig. 29, to form the onler called ^ Fisc vs 
Ahdominnlvs \ ' those witJi the ventral fins beneatli tlie pectorals, 
fig. into ail order called • Thorasdei and those with 
the veiitrals in advance of the pectorals, fig. o4, v, into an order 
called ^ Pisces Jinjidares^" lastly, those fishes in wliich the ventral 
♦fins were absent formed the order called ^ indicating 

his recognition of the homology of such fiirs with the hinder or 
lower limbs of higher animals. 

In tlie Snlmnnid(c (S, JCiios\ fig. 112, c) the ischla, t;o, are 
united by a cartilaginous symphysis at tlie medial line, and 
underlie tlie last six abdominal vertebiU‘. Eacli supports a 
ventral fin of nine rays, os. In tlie Angler (Lo/diius pi scalar ins) 
the ischium is attached by one end to the coracoid, and tixpamls 
at tlie ojiposito end to join its fellow, and su)>i)Ort tlie six rays of 
the ventral. It also sends up a verti«*i:il process, siiimlating an 
ilium. d.1ie ‘ thoracic’ character depends on tlie greater length of 
the iscliia, as compared with tliat in the ‘jugular’ fishes. In the 
Le{)i(lo!sirmi, fig. 41, as In the Sturgeon, fig. 29, and other 
‘ ventral fishes,’ the Ischia, 64 , are susjiended beneath their proper 
vertebra. They support in Lepidosireii a single-jointed ray, oo. 
In Lepidopus, in the Blennios, the Forked Hake (/Vo/m), the 
Torked Ihainl ( and some other fishes, the ventral fins 
are likewise mere filamentary feelers. In the Lump-snekers 
( Cf/r/opterns), the venti’als. unite together, and eombine with pai’t 
of the pectorals to form a snekiiig disc or orii’aii of adhesion? 
below the head, just as the opercular and branciiioslegal fins are 
uniU'xl together to form tin? gill-cover. The ventral fin is better 
developed in the Plagiostomes than in other fishes. The sujiporr- 
ing ar(.*h consists indeed of the same simple elements, lumnapo- 
pliysial, cartilaginous, confluent at the middle Ime, and loosely 
suspended in the abdoniinal walls ; but they do not immediately 
sujipoit the fin-riiys. Two intermediate cartilages arc articulated 
t>) the expanded outer ends of the inverted arch ; the anterior is 
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tlie shortest in the Doj^-fish, and supports three or four rays ; the 
jiosterior one is nnieh longer, and supports the remainder of the 
rays, fifteen or sixteen in ninnber. To tlie end of this cartilage 
likewise is attached, in the male Plagiostornes, the jieculiar ac- 
C('Ssory geuerativ(^ organ or elasjjer. In the '^^rorperlo the arch 
sends forward two |)rocesses, and these are of greater length in 
the extinct Ct/rloJKftes oUijfuhtctiflm^ XL. p. 22o, ])1. 5. In tin? 
Chiineroids the short narrow processes which extend above 
tlio place of articulation of the ventral fins siiniilatc iliac bones: 
the expanded p(U‘lions wliieli meet bedow reju’esent tlie isehia ; 
they are <?aeh of tinan perforatcHl by a large ro\md aperture, filhal 
by membrane. The eartihige, answering to the tibia, supports 
tlie rays of the ventral fin and the elas[)er. 

§ 42. Prlrlr arch and lunh of Rrpiilrs. — Passiiig from the 
rrohiftfirni^ fig. 101, r, to the Frofens, ib. i>, we find the 
]>air of eartilagos answering to the [jiseine ‘ isehia’ aided l)y 
a second ])air, fii. called ‘ ilia,’ in supporting the diverging 
appendage ; and this pair is atta(‘hed to the, riblels of the last 
al)dominal or ‘ saeral’ vertebra. The a|)pendagc or ‘limb* now 
consists of (lefuiabl(' seg*monts, wbich are specialised tlirougli sub- 
setpienl: developements : the first, as the '' lemnr;’ the second — a 
]>air of short<n' and smaller joints — res[)cetlvely as ‘tibia’ and 
‘ filnila ; ’ these being followed, witli tlie iiitervention of a cartila- 
ginous ‘tarsal’ mass, by a jiair of inany-j<)iiited rays or ‘ digits.’ 

A closer corres|iondene(?, liowever, with the piscine tyjx^ was, 
in some res])cets, retained by the extinct Irhthijomuri^ fig. lt)5. 

Although the iliac clement, G2, w.as joined with the ischial, gm, 
ill snpjiorting the fin, sno4i sustaining arch remained freely sus- 
pemh.Hl, as in the ‘ ventral fishes’ of Limueiis. A second Inema- 
pophysial arch, G 4 , was likewise present, in advance of the ischial 
one, answering to the ‘ puliis ; ’ this afforded the extent of origin 
rtapiired by the muscles of the better developeil tin. M’he next step 
in ])rogress is exemplified l>y the single long and inferiorly flattened 
and expanded bone, or), answering to fbo ‘femur,’ and fbrougli 
which, as on a pediehs the fin eonhl be more freely rotated, and 
moved to and fro. T\) tlie end of the tVnuir were liganientously 
articulated the two short flattened bones rc[)rescnting the tibia 
flnd fibula ; followed by the scries of iindUartieulato digits, joined 
tngetlior to form tlio common basis of the fin, which, like the 
pectoral one, tapered to a point.' 

With the mcrcasod length, and progressive difK'reiitlation of the 
segments of the fin, as in Pleski^anriis, fig. 4o, the pubic 

* No twist, real or miajiinary, of humerus or femur obscures or is uceJed to 
explain the homotypes iu the pectoral and pelvic members, ci.x. 
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basis, 64, lor musciiliir attachments, l)ccame eo-ex{>an(lecl ; the 
ischia also, 63 , assuincd the form ot llattcnod triangular plates ; 
aiul the ilia, thoiigli still ‘ long Ixmes,’ were stronger, and attached 
l)y ligament to tlio rihlels of one or two vei'tebra*. ; and these, in 
Nut/U^(rnrus, b(‘caine ex]>anded tin' more effective lixation oi* the 
pelvic arch. A ‘ tarsus,' CvS, and ‘metatarsus,’ are lunv deiinal)le; 
and tile ‘digits,' witli lower joints, do nut exceed five in number. 
All the I»ones are solid in both Ichtiufo- and S<iunHpterif(/ia. 

From the Sanroptcrygian type of pelvic arch and liml), the 
transition is I'asii'st to that in the marine Chehmia f)f th<‘ present 
day. I)ut the course ol‘ ilevelopement iVom the Proh'i/s will be 
here resumed and ti-aced to the saltatory grade which the hind- 
limb a(*»jiiires in the natrachian ordm*. 

Awph'nnan tndnvtifhnn^ with proportionally shorter hind-limbs 
than in l*rotinis (llg. lOl, u). has Ibein terminated by three toes. 
JMrnobnnirhus shows f)ur toes: and Mmoponm five, wbieh is the 
mmdxn* usual in the hind-limbs of Newts and Salamanders. In 
Mt'itupuuia, fig, 43, the saeral vertebra, .v, lias a longer and 
strongrr transverse ]n*oeess, ami ribh't, pi, than the vertebra? 
before and behind; and pi is unitcMl to the eartllaginons elements, 
63 and 6j, (‘losing tlie in^ erted arch by tlic rib-like continuation, 6‘J. 
To tlie lower end of this simph? ‘ ilium' and conjoined |>art of tlie 
‘ is(*hio-[>nbic ’ cartilage is ligamentonsly attached thi^ short and 
simple lemur. To this succeeds a shorter tibia and fdmla -- the 
latter reminding us of the plesiosaiirian fibula, bv its outward 
curve?. Tlie tarsus is cariihiginous in M:n(,pi}ma\ the im^tatarsals 
support 1, 2, o, 3, 2 plialauges, resp(‘eti\ ely, Irom tlu? innermost, i, 
to tlie filth, V. 4 he toes are webbed to near the? last joint. Fvery 
joint in the liml* is syndesmotie, and the ossifie^ation of the bones is 
limited to an outer erust, eovering persistent solid earlilage. In 
the decomposing body this dissolves away ; and if the ossilied 
parts become petrified, the fossil bone ap])cars to have liad a large 
mednllary cavity. 


I ] ; 


In tlie Fand-salamandcr tin; broa<l ischio-pnliie plate, fig. 113, 
bei.‘omes ossified at /v, but remains cartila- 
ginous at tbe angles c, and tlie symphysis; 
whence it extemls forward, and bifiircates, 
as at (I, representing tin* last pair of abdo- 
minal ribs in higher rejiiiles. Tlicre is a 
vascular perforatimi in each pubic part of 
tbe plate. The ilium, r/, retains its sim])le 
J^li-like eharactcr. 

The 'Fadpole, hjr. 45,aftbrtl.s a sijrnificant example of the tran(^- 
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niutiition of a natalory to a saltatory ty|)e hiiKl-liinl)^ irro- 
s]>c(jtive of (ifforts and cxcrcisos tlirough successive a'eneratioi»s 
produciniy and ac.cuinidating' small (‘liauges, and hulependently of 
any selection by nature of siicli generations as were enablcal, 
tlirougli tlie accidental variety of a slightly lengthened hind-limb, 
to coiKjuer in the batthi ol‘ life, and to transmit the tendency 
towards such dis|)ro| > 01*11011 to their ]>osttfnty. 

If the law by whi(;h so much of the change of structure adapted 
to terrestrial life takes |)lace in the active independent a(|uatle 
animal l>c a mystery, ainl seeming exception, It does not the less 
inipr(*ss the heliovcr in llic derivative origin of species with the Idea 
of unseen and undiscoverod [lowcvs, that may operate in produc- 
ing such r('sidt, ‘ according to a natural J^awor Secondary Cause.’ ^ 

The hinrl-limh of the hh'og (Ihraa) closely accords at first with 
that of tlie Mcnopoimv, a rib-like coiitinnation, fig. 42, (; 2 , of the 
jilcurapophysis, />/, oldlie last abdominal vertebra, gives attaehinent 
to a short femur, 65; ossification of the shorter tibia, 50, and tiliula, 57 , 
speedily unites tlicm proximally; five siibe<pial digits bnd out of 
the ])rimitive tin-like projection from the integument; and a simple 
cartilagiiions tarsus, os, at first intervenes between tbo toes and 
I he leg. The due length and power of the liind-liml) is prodiu’cd 
by elongation of all its cIiMuents, including tlie iliac parts of the 
suslainiiig arch. In (he Toad (7////h) the sacral process, or ancliy- 
losi‘(l rililcts, transmitting thereby the weight, 
of the trunk upon the legs, are depressed and 
expanded at their extremities ; in 
fig. 44, n, .y, romarkahly so, and resting upon 
the anterior halves of the ilia. In the Toad 
tiu.' femur is shorter than the ilium, and the 
tibia is sliortcr than the femur. In the Frog, 
fig. 44, (‘oiitrary ]>ro])ortions prevail. The im- 
pulse of the hind-limbs is applied, in all tail- 
h'ss Batracbia, to the hindmost part of the 
body, beyond tlie lengthened coccygeal style, 
fig. 114, A, 7, by the remarkable backwanl 
production of the ilia, ih. a, 62, Avhudi cx})and 
and unite, forming a symphysis, above the 
aeetidinhi ; thence they transmit the imi>ulse 
ol the limbs to the short and strong trans- 
verse [irocesses of the sacrum, //. A ])air 
ol eommonly anchylosed semicircular bony 
plates, ‘ isehia,’ 63, unite with the iliac sym- 
pliysis to form the lower half of the jouils for the femora, 65. 

‘ exij. p. 86. 
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The femur in the Frog, fig. 44, is a long slender bone, with 
a slight double bend; tiie head is expanded, convex, and ter- 
minal ; the back part of the upper fourth of the shaft shows a 
longitudinal ridge ; the distal end Is expanded and truncate. 

• Both ends of the femur are usually in the state of epijdiyscs. 
The tibia and fil)ula are confluent longitudinally, but preserve 
their respective inedullary canals, and indicate their transcend- 
ental distinction by an anterior and posterior longitudinal furrow 
at the exj)andcd emls of the seeming single bone ; usually, also, 
by a perforation from l)efore bac^kvvard, A sin^e epi]>hysis con- 
stitutes each articular end. The astragalus and calcaneiim c/, 
are much elongated. The former is sliglitly l)ent. They com- 
monly coalesce at their proximal and distal extremities; at the 
former, l)y means of an epiphysis; at the lattcn', with the connate 
representatives of the naviculare, s, and (uiboides, /;. Two cunei- 
form bones remain distinct and su])})ort the three inner toes, /, //, 
iii: a third expanded bone projects, like a sup])leinental <ligit, c/, 
from the inner (tibial) side of the tarsus ; it may represent the 
‘ entooiineiform.’ One {Rana^ or two { I^ipa) sesamoid bones are 
developed in the extensor tendons belli nd tlie tibio-tarsal joint: 
their function Is that of the lever part of the caleancurn. The 
first metatarsal supports two phalanges, i ; tlie second, two ; the 
third, three; the f()urth, four ; and the fifth, three. 

In Bnfo acjua I found a sciniossified tubercle upon the proximal 
end of eacli ilium. In Pipa, the confluent calcaneum and cuboid 
form a long three-sided bone with the angles sharp : the long 
astragalus presents a similar form. 

To the student of Com])arativc Anatomy entering upon the 
vast domain ot tliat science with ideas of the bones derived from 
those of the human skeleton, and associating the special .shapes 
and proportions they there present with the names that liave been 
learnt from Anthropotomy, few part.s are more perplexing or de- 
ceptive than the ])clvis in the Chelonian reptiles. A^iewing, for 
example, that of the Triomjx^ as it is represented in fig. 110, he 
would conclude It to be the iliac bones, and i the pubic bones, 
separated at the symphysis ; or as answering to the parts so called 
in the single " os innominatum ’ of man. Tlie rectification of the 
error affords a valuable lesson of the unimportance of size and 
shape in determining special liornology, ami of tlie necessity of 
knowing the fVetal as well as the adult conditions of the bumaii 
pelvis. He would learn, first, that the threefold nature of the 
innominate’ bone, which is transitory in man, is permanent 
in the reptile ; next; tliat the bone which is largest and 
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broadest in the human foetal pelvis is the least and slenderest 
in that of the Turtle. To comprehend the nature of the Chelo- 
nlan pelvis, the connections and relative positions of its bones 
must be studied in the entire skeleton. 

The two bones that articulate with the transverse processes 
of vertebne and, extending ^ hieinad ’ (downwai'd or fonvard), 
combine at the opposite end with the lather bones forming the 
acetabulum, are tliosc alone which show the essential characters 
of the ilia in air-breath inec vertebrates. In the fij;ure of the 
pelvis of the Turtle viewed from below or from the haanal aspect, 
fig. 115, that surflice of the sacrum is figured to illustrate the 
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above character of connection. Two stunted plcurapophyses 
converge from the two centrums, and aftbrd a close ligamentous 
attachment to the proximal or upper ends of the ilia, a. These 
l)ones are also attached to the contiguous costal plates of the cara- 
pace, which they support as stout strong pillars. They slightly 
expand at their acetabular ends, where each unites with two other 
bones. The bone c descends and meets its fellow at the mid 
line, as does likewise the bone h: c c being posterior in position 
answer to the ischia of the human foetus; b b to the pubics. 
These arc remarkably expanded, and, liesides forming an exten- 
sive symphysis between b, h, each developcs a broad angular 
process or tuberosity wbicli is ligamentously attached to the 
plastron, forming the foundation for the support of the pillar, a, 
that underprops the carapace. 
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A slight niodificiitioH is presoiittul by l.rionj/x, in which a \icw 
of the pelvis is given fcoui the dorsal aspect, the sacrum being 
removed, in fig. 110 : here / shows tiie end of the ilium, »;2, wliich 
was attaelied to that ])art of tlic vertebral column : n is the ex- 
panded acetabular end of these short, straight, eoliuuuar bones. 

I \c^ 



Tli(‘ isclila, r, r, il(*vol()}HVtul)erositio.-^/*,/, .‘iml unite at the ischial 
syiripliysis, m, <!. The jnihios />,/>, artiiailalc l)y a broader tiihc- 
nisity, //, with the plastron, and liave a u*reater transverse extent. 
Tlie ^ outlet ■ o1* the ])elvis is not, as inii^ht he supposed, hetween v 
and r, 4 , l)ut hetween / and /’, "riie wider S|>a(!o answn-rs to the ol)** 
turatorial one in .Mail ; and, were ossilicatidii to he extcauled from 
the i.-ehial, to the puliic, e ^ syni|)liysis, it w^ould l)C divided into 
the two vacuities calh'd ‘ fm-:nnina i»valia sou olituratoria ’ in tin' 
Innnan |H*lvis. Sucli (fni-’^ioii does acdually t;ike jilaee in the 
Tortoises (Trstudo) and d'erra penes, as shown at v, lii^. ol, in 

nn/s K u ropa it . 

I n the I’ovtoise ( Tcstmht) the iliac bones are vertical and 
colninnar, like the sca[)nla, but are shorter and )nore coinpn‘sse<I. 
The ])ul)is expands to join its fellow at the median syinjdiysis and 
the ischium posleriorly : it serais outward and downward a lon.i!; 
thick oi)tuse procc.^s from its anterior marj^in. The is(‘hia,, in like 
maimer, expand wdau’c they unite toj^ether to prolong*: the sym- 
pliysis backward, d he ^foramen ovale sen thyroideum ’ is nearly 
cireular on each side. In lltjdrasjns the ilia artienlatc directly by 
pari of tlielr u taler surface to tlie xlphistertials, and the ptila!^ 
becomes eonlluent with the same parts of the |)histrou by tin? 
t II herons ] process. 

The femur is shorter tjuin the hmnerus In the ddirtles : the herid 
is round, surmounted by a broad, thick, short trocliantcr ; the 
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shaft is almost straight, slightly expanded at the distal end, at the 
hark part of whieh the condyles are feehly indl(‘ated. In Terra- 
])enes, tig. al, w, and Tortoises, the leimir e(|uals or exceeds the 
luanerus in lengtli : its shaft is more hent : the trochanter is divided 
into two ]>roe.esses, most distinct in I'riovyx, Fn no (dielonian is 
there a medullary cavity ; ossification extends throughout the heme : 
the two hones of the h'g, ih. x, y, are neaidy straight ; the tihia is th(‘ 
largest, with the proximal end almost semi- 
circular, and the distal one less cxpand(.Ml 
and snl)(*onrave, with a slightly-developed 
malleolus in Ti fitmlo and Kniys. The tihiila, 

(ig, 117,07, is a little iKod, enlarging tlie 
inli'rosseous s}>at'e in Tnmnfxx it presents 
a (a>nv(‘xity to the tarsus. There is no hony 
patella in any Chelonian. In 
tohnUila J (oinid a synovial joint hetwi'en 
Its lihrous r(‘.|)rese»itative and the feuinr, 
disiinct from the pro|)er capsnle ol'the knee- 
joi)it. The proximal row ol'the tarsus eon- 
sists of* two hones, astragalus, and cal- 
<*aiicmn, whicli in most Tortoises l)eeojne 
conllnent. The distal row consists of five 
hones, I'oin* of whieh sn))()(n’t the four nor- 
nud toes, and, tlie fifth a rudiment of the 
metatarsal of the fifth toe, r; the fourth 
and fifth of tlie second row of tarsals 
answer to the os ciihoides of higher ani- 
mals; tlie other three bones to the three 
ossa enneiformia. d'he astragalai* part of 
the single proximal bone imdudes also the navicnlare. 

In the Trinnyx, fig. 117, the proximal row (‘onsists of a single 
bone,//, answ(;ring to the astragalus and navicnlare: the distal 
row consists of five lioncs, of whitdi the three eum'iformia are very 
small : the two divisions of the eidioides, //', /•, are very large ; 
the first may inelnde the articular part of tlie ealeaneum ; the 
outermost is dilated and angular. In Cltvlonr and Cfwlys the 
calcaueuni is distinct from both the cuboid and the astragalo-navi- 
^-ular bones. The digits are moderately long, rather flattened and 
divaricated, supporting the hind webbed foot; the metatarsal snj)- 
l>ort.s two phalanges in the first toe ; in the other toes it vsupports 
Ihroe, the hist having a claw. 

In 7 nortyx the fifth digit, fig. 117, ivhas two small phalanges 
mid no ehnv. Li Jvwys and Cisfmlo the digits decrease in strength 
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from the first to the fifth, and in length from the second to the 
fifth. In the Land tortoises, the fifth toe is reduced to a metatarsal 
rudiment: tlie others arc short and thick, fig. 
118. each with two phalanges, the second suj>- 
porting a claw, and adapted, like those of the foi-e 
foot, for burrowing. The two extremes of modi- 
fication of the hind foot in the chelonian scries 
are presented hy the Turtle and Tortoise: the 
o'rcat comparative weight and hidk of the body 
to be snpjiortcd on dry land involve a I'orm of 
liml) and fi)ot resembling that in the Elephant ; 
whence the largest kind of Land-tortoise has been 
iorinoil ‘ t'lcpliauhfpifs. 

Thn goiioral ln )inol4»iiy oi llio polvio lx mas of 
tlio CroLMMlilo lias be(‘n ])i’('vioiisly discii.-seH, 
|»p. (17 60, aiul illustrated, .75, 56, 57. Thu 
scri'd luiiiioh)ct'y dio t\v<» luianapopliysial (*l<*in(‘uts <l(*ri\os .satis- 
factorv oluoidutiou from their crocodilian condition. ()l those of the 
scapitinr arch, called clavicle’ and ‘'coracoid, in the vcrtoln’ntc.s pos- 
scssiui:!’ both, the anterior very rarely enters into the torrnation o(: tlie 
joint for the appendage; Avhil.st the posterior invariably docs so. 


ns 



I'f 'Ufl 
foot, TitiLnihi 



Left pelvic bonC5 Croc -dik:. cbi. 


In the ftetal inanimal, before the coalcseencci of tlie stunted ('ora- 
coid, this relation may be seen. So in the Crocodile, the posterior 
haranapophysis, fig. 119,63, combines with the ilium, 62 , to th(^ 
exclusion of the pubis, 64, in tlie formation of the acetabulum, 
rejieating the articular characters of the corat'oid; whilst the 
more slender pubis placed anterior to the joint, and abutting by its 
mesial end against the abdominal sternum, figs. 5, 6, lo, repeats 
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those cluiractcrs of the clavicle of lizards. Accordingly in the 
progressive reduction of the pelvic arch to a single ha3inapophysial 
cleincnt sustaining the appendage, as in Osseous Fishes, we may 
discern the characters of the ^ ischium ’ in that element, rather 
than of the jruhis. 

The ilium of the Crocodile is twice as broad as long, produced 
beyond the two vertebric to which it K articulated: it descends 
vertically to the acetabulum, of which it fonns the upj)er half. 
The anterior ju’oduction or tuberosity, is the thickest, the pos- 
terior is the longest. The ischium developes a strong bent process 
from the fore part of the a(?etabular end, to which the pubis is 
articulated : as it descends and inclines inward, it becomes flat- 
tened and e\j)anded, and joins its fellow by a moderately 
extended ischial sym))hysis. The pubis is directed more forward, 
and though smaller and more slender, resembles the ischium by 
the ex[)anse of tlie medial end. As ossification is not extended 
along tlie mid-line from the ischial symphysis to the pubis, no 
• o])tiirator foramina' are defined, but a wide \ acuity intervenes, as 
in Ckdonc and Trhnvfx, ^ 

The Icjnur, lig. o7, c, is bent in curves opposite to those of the 
liumeriis : the head is convex, subcompressed laterally, flattened 
oxlernally : the chief fn’ocess is from tlie inner side, at the upper 
third of t he sliaft : thei’e is a ridge external and above this process: 
the distal end expands transversely, and developes backward two 
condyles ; the outermost receives ]}art of the head of the fibula. Tt 
is longer than the humerus, but in a lessdegrexi in modern than in 
niesozoic crocodiles. The tibia, figs. 57 and 120, gg, presents a 
large triangular head to tlie femur, the division of the back part of 
which into two condyles is feebly indicated : it otters a smaller 
convex crescentic surface to the tarsus. The fibula, ib. 67, is 
slender and siibeylindrieal ; much compressed above, more ex- 
|>anded and Iriaiigiilar below. Each of tlie foregoing long bones 
has a medullary euvity. There is no patella ; but there is a fibro- 
cartilaginous ‘ labella,’ with granular bone, in old crocodiles, 
heliind the. outer condyle. 

Tlie principal tarsal bone, fig. 120, r, represents the astragalus, 
naviculare, and entocuncilbriii, connate, of the liuiiian series; 
tirti dilating with the distal end of the tiliia and a small part of the 
fibula above, with the calcaneum and cuboid cxtcrnallv, and with 
the first and second metatarsals and the ectocuneiform below. 
The calcaneum, d, intervenes between the fibula and cuboid, and 
has a short but thick posterior tuberosity, y, fig. 57. The cuboid, 
120, c, supports the fifth, i?, fourth, n?, and part of the third. 
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77V, metatarsals, "riio cetociuicitorm, is wedged l)etwcGn tlie 
bases oftlic seeoinl and third metatarsals. These, by the obbxjiic 
ovcrla|\[)ing arrangernent of tlieir expanded bases, resemble^ the 

articulations of the ventral tin- 
rays in most fislies. The fifth 
is fiattoned and oxpamied to sn[)~ 
port the broad scale from the 
outer sirle of the foot, but is 
curtailed in lengtli and suj)])orts 
no toe. 

The four normal metatarsals 
aremncli larger than tlie corr(*s- 
pondi ng mota(*arpa]s. That of 
the first to(?, /, is the shortest 
and strongest ; it supports two 
[>halanges : the other three are 
of nearly eipial length, but lose 
thickness from the sei'ond, //, to 
tlie fourth, til: tlio second sup- 
ports tliree jihalanges : the third, 
four; the I’ourlli, also four, the 
claw am! its phalanx being ab- 
sent in this toe : /V, m, and /c, 
are weblied in true C'rocodiles, 
but semi])a!mate in Alligators. 

In most Lae(‘rtians two verte- 
Vna' are modified for articulation 
w ith the iliac l)0]i(^s,as in the Mo- 
nitor ( fV/7y/;?7/.v, fig, 121,(7): but 
in the ( 'hameleon thi're are three 
sacral s. In tlie great Monitor 

the ilinm, />, extends backward 
lieyond the jnnetion, terminat- 
ing obtns('ly, and bends down 
as it passf'S forward with a short 
])roccss above tlie acetalmlum. 
lh»th isebium and pubis com- 
bine with the ilium in forming this cavity. The ischium, c, 
is usually most expanded at its symphysial border, whieb is pro- 
duced liaekward. The ]>ubis, J\ a]i]iears as a more direct con- 
tinuation of the; ilinm, ami is ])erforat<Ml near its acetabular end, 
anterior to wdii(‘h It d(ivelopes a process, 'bhe symphysial car- 
tiiage is continued from the ischium to tlie pubis, dividing the 
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iiiievripace into ilie ‘ obtnnitor foramina/ and bocoming ossified in 
old Monitors. Tlie femur resembles that of 
the (’r(K*odile, but with the inner trochanter 
bett(?i* d(n'elo[>cd, with a larger nicdnllary cavity, 
and with a more marked (h^pression on tlie outer 
condyle for the fi)>ular artieulaiion. "riie division 
(d‘ (he back part of the liead of the tibia^ usually 
more marked. The liead of the fibula, fig. 122, 

(j/, />, rises higlier than in the (h-ocoilile. 

In Varaiui.^ nilotuus^^ the elongated iliac 
bone aJnits against the transverse processes i>f 
the two sacral verlebrie, the first on the right side and the second 
on the left skhi being applied on a [ilane higher than the 
opposite processes: that of* (In', first caudal vertebra also abuts 



against the ilium on ili<‘ left side. The ilium sends off a tnber- 
i)sity in front of tlie s,a<‘ro-.iliac syndesmosis, and it joins the pubis 
and ischium by a broad suture. The trochanter arises from the 
inner ami back part of tin* jiroximal end of the shaft of tlie 
lemur. There are two ossified patelhe in the tendon of the^gTcat 
extmisor of the leg. '^fbo tarsus differs from that of the Crocodile 
eliiefly in there being a Mnosoenneilbrm ’ sii|)i)ortiiig the second 
metatarsal, fig. 122,//: but tliis is wanting in many lacertians. 
'J1ie bone a is as eom|josite as in tbe crocodile. Hu? fifth meta- 
tarsal is flattened, and articulated fiirther back tlian tbo rest, 
extending along tbe outer side of tbe cuboid, r*, to the calca- 
neuin, b': it supports an ungnicnhite toe of’ four pbalangos, 
fig*. 122, V': tlie iiumlier of* phalanges in tbe other toes progres- 
slvi*ly increase from tw<» in tiie first, /, to five in the fourlli, /c, 
with p ro I )0 r 1 i on a t e i ne r ease o f 1 e i igt 1 1 . 

The chief nuHlIfication of the hind limb of Lacertians is found 
in the Cbameleon, fig. 12B. The iHuiu is a simple elongate, 
siibcoinpressed bone descending vertically from the eon verging 
ends of tbe sacral processes to tbe aeetabnlnm. Tlie fibula, 
fig. 12B, />, f,7, is bent outward. In the tarsus may be seen a 
stunted bomologiK? of the astragalo-navunilar bone, ft\ leeeiving 
the end of the tibia; and a larger caleanenm, //, In like relation 
vvitli tbe fibula: tliese l*orm a (tavity for the spheroid ‘ eunelform/ 
f/, by wliieh tbe [vrebensile foot rotates on tlu' leg ; and there is a 
cuboid, c, exclusively supporting tbe fil*th metatarsal, /;. This 
determination of tlu? lioinologios of the tarsal liones with those of 
the ambulatory lizards, shows tlie. nature of the five short but 
niclatarsially sliaped lioiu's supporting tbe toes, and settlevS the 


* xi.iv. ]\ 149, No. 078. 
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homology of their homotypes in the fore-foot, fig. J 10. The first 
metatarsal supports two phalanges, fig. 123, i ; the second, three ; 
the third and loiirth, each four phalanges ; and the fifth, three. The 

first and second toes are oj)poscd 
to the other three in the hind foot, 
contrariwise to the arrangement in 
the fore foot. 

In the Iherodactyle, fig. Ill, 
the hind limb adliercd closely to 
tlie lacertian type ; the metatarsals 
were (llstinct; the })halangcs in- 
creased in number from the first 
to the fourth toe, but retained 
more equality of length than in 
lizards : all the five toes were 
unguiculate, the claw phalanx com- 
pressed and deep. Althoiigh in 
some species there wore four or 
five sacral vertebne, the hind- 
limbs were too feeble to sustain 
the body, as in Birds : they more 
probably served to suspend it, as. 
in Bats, with a concomitant 
strengthening of the claws. 

The reptilian lii?»d-lim))s, with 
their arch, accpiired the most com- 
plex structure in the great extinct 
Dicynudont ^ and Dinosanrian 
orders. In Dhninoduii li(/rlceps 
ossification extended over the 
whole of the interspace between 
the ischium and pubis, obliterat- 
ing altogether the obturatorial 
foramina : a rid both iliac and 
ischial bones artii^nlated, as in 
edentate mammals with a long 



sacrum. In the Iguanodon six 


vertebvjie were modified with mtcrlocking centrums and neural 
arches, the latter resting on, and suturally joined to, the 
contiguous halves of two centrums. The femur exhibited an 
upper and external " great trochanter,’ besides the inner tro- 


CXLVI. ( 1841 ), pp. 114 , 130 . 
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chunter better ileveloped than in modern lizard.^: examples of 
thi« bone four feet in length liavc been discovered. In the 
almost equally colossal Selelidosaur the toes 
of the hind foot wer6 reduced to four in num- 
ber by ^sul)presslon, as in tlie Crocodile, of 
lh('. lift!). In the Ignanodon they were re-^ 
duced to three by the su|)prcssion also or tho 
first toe ; tlie retained toes were short and 
broad, with phalanges in number respectively 
three, four, and five ; but the latter so much 
sliorter as to rediu'c the outer to the same 
lenglh as the inner too, ami with the middle 
one both longer and larger; showing in the 
great herbivorous Saurian an interesting ana- 
logy to the hind limb of the Rhinoceros.^ 

§ 43. Dermos/u’lrton of J/'isItcs. The scales 

ol‘ fishes niav l)c remarried, from their seat and 
mode of devedopement, as |>arts of the denno- 
skeleton : and in the pahtCo- and meso-zoic 
s[)(‘(‘ies tliey were ossified, in the t’orm of 
gi’amdes, tuliercles, plates, or imbricated 
scales. Rony fishes, with scales so soft and 
stduhle as to leave no trace in fossilization, 
seem not to have existed before the ereta- 
ceons period: for even the cxoskelcton. of the 
.Lrplolrpifkc of the lower and middle oolites 
has b(‘(m preserved to us through the thin coating of pctrifiablc 
ganoine with which their minute and delicate scales wore covered. 
Tubercular iutegumeut, like the ‘ shagnam ’ of sluirks and dog- 
fishes, has come down to us from a period as remote as the 
Siliirian. lu skates and rays the skin is studded by bone in larger 
masses; sometimes, as in the ‘ Thoriiback,’ developing a small 
bent spine. 

The hard-rays in tlie fin of the Porch and other Acanthopterf 
the larger and fewi;r spear-like wea])ons of the Sticklebacks 
{ (^ofiferostei)^ Sheat-fisbes (SUfindai), Trigger-fishes and 

-^onu; Siupe-fishes are all [larts of the derrnoskeleton. 

In Baihtvs arprisrifs — a rare Ib'itisli fish - the anterior dorsal 

preceded by a strong erectile .spine : its base is expanded and 
pertorated, and a bony bolt from the vSupporting plate passes freely 
through it : when tlie spine is raised, a hollow at the back jiart of 


123 



ISojH's of the lo!? nn«l foor, 
v'hajnt‘U.!ojh { i.t. 


OT.rv. 

o 


VOL. I. 



194 


ANATOMY OF VEllTEBUATES. 


the base receives a prominence from the next bony ray, which 
fixes th(i s|)iiie in the erect j)o.sition, as tlic hammer of a gun-lock 
acts at lYill cock ; and the spine cannot be forced down till the 
small spine or ^ hammer ’ lias been de[>ressc(l, as by pulling the 
trigger. This mechanism may also be comjiared to the fixing 
and unfixing of a bayonet. When the spine is unfixed and bent 
down it is received into a groove on the su[)])ortirig plate, and 
offers no impcHliment to the j>rogressof the fish through the water. 
The generic name (BffJistcs) and the comimni Italian name of tlie 
i\di (Pcsce halrsfra)^ ycSqy to this structure: the spine is rough- 
ened by ganoid grains, whence onr Knglish name of ^ Fihvfish." 
The In lid border of tlie analogous weapon of the Cadrisetfs 
humerosus and of most Sheat-fish is denticulated, so that they 
inflict a ragged wound. In all such wea])oncd osseous fislies, the 
base of the spine is modified for articidation with another hone. 
In gristly fishes so armed tlui base of the spine is simjile, smooth, 
liollow, implanted deeply in the flesh and attached to ligament 
and muscle. 

The great majority of such wea|>ons found in a fossil state, 
called ‘ ielithyodoruliles,’ show liy their basal structnre that they 
come from Plagiostomous fishes, and cxemplily in a remarkable 
manner the cffieiency, beauty, and variety, of the ancient armoury 
of that order. In some, the marginal serrations were tlieinselves 
denticulate ’ Certain Kays ( Tri/yon) have spines wllh 

both margins serrate.- 

The series of side-scales pcrforatc<l by the mucous duct in tlic 
modern soft-scaled fishes arc usually more or less ossified. In the 
Eel tribe tlie lateral mueous ossicles are tubular and eoncealed by 
the epldcrm. In the Sole and l*lai<*.e the mueous scale Ixmes of 
the lateral line arc quite superficial. There are inaiiy circular 
radiated ossicles scattcr<'d over the <lark or n|)per side of the skin 
of the Turbot. A row of small chevron-shaped dermal bones 
extemds along the median line of the belly of the Herring, and the 
extremity of each latfTal process, fig, 37, r/ A, is connected with 
that of the long and slender verteliral rib, completing the inferior 
arch, like a sternum and sternal ribs, Tlie Dory has two rows ol 
thick osseous plates along the under part; of the abdomen ; Imt 
their superficial posilion indicates tlieir essentially dermal charac- 
ter. Parts analogous to a sternum are thus supjilied from the 
exoskcletoii as they are from the splanchnoskcleton in the I^ain- 
prey, fig. 1 1 ; but tlic true liomologues of the sternum arc first 
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seen in the cndoskcleton of the Batrachia. In the Trunk-fislies 
(^Ontrncioji), and Pipe-fishes {SpH/nathus), the dennal scale hones 
form a continuous coat of mail, like a tessellated quincuncial pave- 
ment, over the entire body, as shown in the transverse section, 
fiuj. 10/^^ d />, d A, and the cndoskcleton is but little ossified. 
The like is seen in the Ilippocainps, I'hns, in Pegasus draco, 
fig, 124, with the exception of the sniall premaxillaries d, and 
mandible e, all the visible hard parts of the head are due to the 
(lernioskeleton : such, e. g., as the rostrum, a\ the plates in which 
the eyes are placed, A; the gill-covers, A ; the median plate, y, 


1‘24 
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Mi]>porting the hyobranchial arches; the zone, /, sustaining the 
large pectoral fins; and the hard case of the incubating [H)iich, 
^ </ 

In the Ganokld, parts of the exoskeleton coalesce with endo- 
f^keletal bones of the vskiill, CvSpecially the s(4erogenons ones, while 
others overlie the true cranial bones. Tims, in the Sturireon, 
Ihe ganoid plate, marked d 3, fig. 125, simulates a superocci- 
]>ital ; ^ but its bomologue in Pohjptcrns and Lcpidostcus is subdi- 
vi<led : and as the cartilaginous hoinologue of the epencephalic arch 
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underlies the, pltxto d 3, in Aetpenser Sfurio, so also do the ossified 
ex- and super-oecipitals underlie In Polppferns the three dermal 
plates corrospondini>‘ in position with r/3 in Af\ S/zirio. The true par- 
occipital is (Mpuilly distinct from the [date marked d 8, in Ac, Stnrio 
and its rcja’csentative sul)divisions in Polpptcrus, The* dermal 
plates in atlvanctj of these coalesce with the true parietal s, frontals, 
post fro ntals, and ]>art of the mastoids. Ihit the varieties in the 
dermal plates within the limits of a ircnus, as exemplified by the 
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single interfrojital in Acipcjisrr ^furio^ by the throe inierfrontals 
in Ac, tScf/pli(i, by the divided supcrocciidtal plate in Ac. /jrrviros- 
tria^ kc,, Mifficienlly warji against the confusion arising from 
ap|)lying to dermal j)latcs the names of the true cranial bones in 
recent and extinct ganoid and jdacogauoid fishes. The median 
cranial ganoid plates in the Sturgeons are plainly a contiiuiation 
forward of the dermal {dates, (ih. d s, fig. 12.V), of the mid-liiui ol' 

tlie l)ack; ainl examples of a like re- 
peal it Ion occur amongst the Osseous 
Tislies in tlie dermal (jpleraiiial spines, 
for exam])le, of the Angler (Lophuis), 
which sn Import the long fishing-fila- 
ments u|>on the liead, or in those 
modified ones forming the sucking disk 
on the head of the Kemora, 

In certain fishes of the Devonian or 
Old Red Saivlstoue [)enod the head and jjart of the trunk were 
encased by courticidated ganoid 1 urn y plates. Fig. 127 shows the 
proportions in which the exo- and eiido-skeleton entered into the 
coiis(a-vahle framework of one of these ancient fishes, termed 
Coccostcus (hohhos berry, osteon bone), in reference to the tidier- 
cular enamelling of the exterior of the combined helmet and 
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cuirass. Tii the composition of this 
sutures, not mucous orouvcs, may be 
(li.scerncd the folhnvini^’ phitcs : 5, 

medktn \ o, laf<:nil \ 7^ preuK'dimf ; S, 
prdiitrnd ; 9, ro.^tral ; 1l>, dorsomcdimi ; 
14 , poMorsomedkin ; is, sublfftmtl; 2o, 
po,dvimtn)hik*nd\ 22 , prin:eutrolaleral \ 
y-l, sidmrhiUd, 

The hlunk spac.e between the neu- 
ral, //, and hiemal, //, spines ol‘ the 
fossil endoskelelon indicates the posi- 
tion of the soft " notochonl,’ c, which 
lias boon dissolved away. 

Ill till* Ptvnrhflnp^ ol the same Ideo- 
logical formation, the helmet was 
moveably articulated Avitli the triink- 
hiK'kler. 

In X'qdHiliiApU the armour of the 
ln'ad was shield-shaped, with the pos- 
terior angles produced backward in a 
poiut(Ml form. 

The fishes with enamelled dermal 
liones in the form of plates, wlietlier 
eoartieiilated, lig. 1 27, or detached as in 
t h e Sh ea t-fi sh es a nd St u rgc( ms, fig. 1 2 5 , 
d p, d .S', are calleil ‘ placoganoid : ’ 
those ill which they have tlic .size, 
foiin, and overlapping arrangement oi 
s(‘ales,ng. 12(l,arecalled‘lepidoganoid.'’ 
The genera .Poltjpfmrs and Lfpidostrus 
excejitionally cxem|)lify the latter con- 
dition of tiio dermoskeleton at the 
present day: it was the rule with the 
tisluis of tlie mesozoic pm-iod, and 
with those ol* the jialinozoic which 
were not ‘ placoid’ or ‘ placoganoid.’ 

In lig. 120, a indicates the outer 
surface of parts of two scrie.s of the 
rhoniboidal ganoid scales of the extinct 
Arnbhfpterus : and b the inner surface 
of two .scales, showing tlie ridge pro- 
duced at one end into a projecting 
peg, which fits into a notch of the next 


armour, as dclincd ,l)y 
127 
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scale, in the way that tiles arc pegged together in the roof of a 
house. 

In the Porcupine-fishes {Dwdon) i\\G spines arc supported by 
triradiatc interlocking dermal bones. 

§44. Dermoskelcton of Reptiles. — In the Scincold fiiinily of the 
liacertians, the scales are more or less ossified ; leavSt so in the 
smooth-scaled genera Tiliqnd)\ but in Ct/clodus resembling 
scutes, and giving a knobby character to the surface. In Cpchmi, 
Lopliuiri, and Xiphosun(s velife)\ dermal bones in the form of 
spines project or raise the skin above the dorsal or caudal vertebrae 
The horizontal plates connate with the neural spines, and with 
the ribs, are dermal ossifitrations, as are the neural ])Iates and 
marginal plates which remain distinct from the endoskeleton, 
ill the coni])Osition of the carapace of the Chelonia. The plasti’on 
is also formed by dermal plates, connate with the sternum and 
sternal ribs. 

Ill existing Crocodilia the upper surface of the trunk is de- 
fended by bony scutes, usually quadrate in form, smooth on the 
inner surface, sculptured and longitudinally ridged on the outer ; 
arranged in transverse series, more or less apart, of* twos or 
fours, upon the neck ; but six or eight in a transverse line and 
close set, so as to have a longitudinal as well as transverse 
arrangement along tlie back. The numbers and patterns of these 
scutes are noted in zoological comparisons and characters of 
genera and species.' The Alligators arc defended by a ventral 
as well as dorsal cuirass, separated, as Nattcrer observed in 
Champsa ptdpehrosa, Ch. triponata, ill. (/ihhiceps^ only by a 
narrow and soft longitudinal groove along the sides of the neck 
and trunk.® But the most remarkable anatomi(.*al modifications 
are presented by the extinct and es|)ccially the incsozoic Cro- 
codilia. 

The pi’csencc of a ventral as well as a dorsal scries of scutes 
and their distinctive characters were first noted in the Teleosaui'L 
The dorsal scutes arc in closc-sct sub-imbricate transverse rows, 
the posterior margin overlapping the anterior one of the next 
row. I counted twenty such rows in a specimen of the Whitby 
TeleOvsaur, of which sixteen covered the vertebne between the 
last cervical and first caudal. In the ventral shield or plastron, 
only the two scutes in each row are on the same transverse parallel 
which border the mid-line of the abdomen ; the others have an 
alternate interlocking arrangement. These ventral scutes are 
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i)ot carinate ; and such is the case likewise with the dorsal scutes 
of certain species* of Teleosaur. In a AV'^ealden Crocodile ( Gonio- 
phoUs), the angles of the ohlong cpiadri lateral dorsal scutes ai t^ 
well niarkech and from ojie of them was continued a ])eg-likc 
process, which litted a depression on the undcjr surface of the con- 
tiguous angh; of the next scute, thus serving to bind together the 
scutes in the wa}^ in which the etiamejj^ed scales were united in 
many extinct ganoid fishes, fig. 125. The outer surface was 
impressed by numerous deep, round, or oblong ])ils; but a larger 
|»ropoi*tion of the fore part of this surfac.e was ovcrla|)|>cd by the 
antecedent scute than in Tolcostnirus, and this part is smooth and 
thinner than the rest of the scute. Associate^l with the quadrate 
toothed scutes, ascribed to tlie back of G%miophol/s, and irregii- 
larly scattered in the matrix, I have observed others of a' hexa- 
gonal form, with a similarly pitted outer surface, but without the 
peg, and with thick sutural margins. They indi(*ate a similar 
alternate arrangement and interlocking of the \entral scutes, as 
in Teleosaur HU. 

The dermal armour of Jfylaosanrus and Scelidosuurus appears to 
have consisted of series of detached s(*utes of an elliptical or circular 
Joi-in, without sutural or smoothly overlapping margins : of great 
thickness, with the outer surlaee, in most, pyramidal, or rising to 
a longitudinal riilged summit. In llpheosaurus certain scutes 
situated abo\c the dorsal spines were of a viny long and narrow 
triangular form with the base oblique; and seem to bare 
formed a defensive fringe of strong spines along the back, as in 
Xiphosiirus. In Scelidosaurus the surface was deiended by several 
longitudinal series of massive unconnected bones: those in tiie 
middle of the dorsal v^nrfiiec being in pairs upon the nape, and 
single along tlic tail, where three are coextensive with from five 
to seven subjaceiit vortehne : a corresponding medial series of 
rather smaller and less vertically developed scutes defended the 
under surface of the tail; and there were one or mori^ lateral 
series of a more dcjiressed and fuller ovate form, in that region.^ 

* cxLvi. p, 70. 'I'ho vohnnt* of iLo Serial contain iiiji; Nattf‘r('r\s inoinoir, though 
hearing the date 1840, lind not reached this country wJn n I comninuicatod the .second 
part of my • Report, on Fo!?sil Reptile.s’ to tlie British As.soeiation. 
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§ 4/5. Stnichtrc of Afus(‘If‘, — JMiiscular tij?.suo is fibrous^ aiiil resol- 
vable into fine tbreacls inclosed in a delicate slicalh, (.‘ailed ‘ elemen- 
tary fibres.’ Those, in A ertebrates, are of two kinds; in one the 
fibre is crossed by close parallel lines ; in the other it is smooth. 
The transversely striped character is too fine to be seen witlioiit the 
aid of the microscope ; but may be indicated to the naked eye by 
the iridescence of the siirliice in certain lights.^ All the muscles 
subject to the influence of the will, or cerebral action, have stri|)ed 
fibres. Most of the involuntary miis(.‘l(3s have iinstriped fil)re.s ; 
those ol‘ the heart and gullet arc among tlie exceptions; and, (ni 
the other hand, the muscles performing the rhythmical movements 
of the gill-covers in fishes, like those of the thoracic, walls in 

higher air-)jrcathers, have the 
stri]>ed fibre. But besides the cl(»se 
cross parallel lines, longitudinal 
ones, darker, wider ajiart, and of 
varying extent, oiten ])resent them- 
selves on the elementary fibre of' 
voluntary muscle, as in fig. 128, 
A ar 

The fibre, though termed ^ ele- 
mentary’ may, by manipulation 
and chemical agcnc}'^, be resolved 
into parts of different forms. It 

J’ortioiis of si ripf-d (-1c)m iif.'jr.y fllMcj*, tliowinir ^ .. . . 

a cloMViige ill iJiro. ti.nis, m.iifiiifk-d SCCmS lllOSt prOUG tO S|)bt JUtO lOM- 

isi.KiUiaTi). <L,\Axv. • T 1 ■' 1 • 1 1 1 

gitudinal tracts, Avhicli Jiavc been 
termed ‘ fibrils,’ fig. 128, a, h and d these have a sliow 
of segments ecpialling in length the In-eadtli of the transverse 
strijie. Sometimes such segments apjxair by alternate dark and 
light ])arts of a continuous rectilinear fibril, as in the upj)er por- 
tion at Cy fig. 128. Sometimes the segments are mai'ked oft' by 
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constrictioiiB, giving a, scolloped border and beaded character to 
the fibril, as in the lower portion, at e. Sometimes the striped 
fibre cleaves into transverse portions or discs, fig. 128, B, a, /y, 
corres|)onding in breadth to the cross-stripes, and to tlic seeming 
segments of tlie fibrils. 

The following is the average diametei* of the strijied fibre, of 
different classes, in fractions of an inch*^ 


from to 

L _ _ 1 

J. 1) 0 0 1 0 () 

_1 1 _ 

3'' i o (M) o a 0 

. j - _ I 1 

V’ I I (» I) ’5 1 ') -J * 

Tims, among vertebrates, fishes, and in lish(‘s tlic Skates (/iVy/Vy), 
have tlie thickest elenienlary striped muscular fibre; and its 
elastic tuni(‘, the ^ sarcolemnia,’ can l»c best demonstrated in them. 
When the filjre is broken across, as in fig. 121), tin; sarcolemma a 
may remain, connecting the severed |)ortions, A, h. 

The characteristic vital [iropcrty of miiscnlar fibre is to alter, 
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iVfi-tiims of n lirokni t-li-nirniary tiripod imi.-M-iilar fioro b, ln-M louTtlit'r 
liy t Ik- MJ itDi ii »I. Utiin n.x.WV. 

under stlnuiliis, its relative dimensions of length and breadth. 
AVhen it beeomos sli<»rt(‘r and thicker it is said ‘ to contract ; ’ and 
hy these contractions the movements of the l)ody, and of its parts, 
are produced. 

In the contraction of a smooth elementary muscular fibre it lias 
hcon seen to grow tbicker at a part, and shnrter, without falling 
out of the straight line.® In the contraidion of a striped elemen- 
tary fibre it has been seen to grow thicker at successive parts, by 
iiliproximatlon of the cross strijies, as in fig. I.'IO, at a, a, along 
one side: or enmimiio; the whole thi(.‘kness of the fibre, as at h, />, h; 
and these successive partial thickenings, with coneomltant shorten- 
ing of the fibre, have been termed ‘ waves of contraction.’'* 

On the cessation of the act, the fibre may fall into zig-zag folds 
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‘ xciv. Editor's note, p. 261. (1837). 
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preserve the greatest amount of uniformity in tlio lowest class, so 
does the principle of vegetative repetition most prevail in the 
corresponding segments of the muscular system. 

The chief masses of this system in ordinary Osseous Fishes arc 
disposed on each side of the trunk, in a series of vertical flakes or 



MY0L0C4Y OF FISHES. 


203 


secjments, corresponding in number with the vertebrae, liach 
lateral flake {jnyoromma, fig. a, h, c) ^ is attached by its inner 
border to the osseous and fibrous parts of the corresponding 
vertically extended segment, of the eiidoskeleton, by its outer 
border to the skin^ and by its fore and hind surfaces to an aponeu- 
rotic septum common to it and the contiguoijs myocominas. The 
gelatinous tissue of tlicse septa is dissolved by boiling, and the 
muscular segments or flakes are then easily separated, as we find 
in carving a fish at table. '^Fhe vegetative similarity of the myo- 
commas of the trunk lias led to their being described ns parts of 
one ^ great side-muscle,’ extending from the occiput and scapular 
arch to the bases of the caudal fin-rays. The modifications of the 
cranial vertebne impress corresponding changes on their muscular 
segments, and special names have been conveniently a|>plied to 
their constituent, and in fact often separated ami independently 
acting, fasciculi. 

The filires of each myocomma of the trunk run straight and 
nearly horizontally from one .septum to the next ; but they arc 
])eculiarly grouped, so a.s usually to form semi-coiiical masses, of 
which the upper, a, and lower, />, have their apices turned back- 
ward ; whilst a nikldlo cone, c, formed by the contiguous parts of 
the preceding, has its apex directed forward; this fits into the 
intersyiacc between the antecedent upper and lower cones, the 
apices of which reciprocally enter the deprcs.sions in the succeed- 
ing segment, vvhereliy all the segments arc firmly locked together, 
tlieir general direction being from without oblic[uely inward and 
backward, and their peripheral borders describing the zig-zag 
course represented in fig. 131 , in which one myocomma is repre- 
sented partly detached, and others quite removed from the side of 
the abdomen. Thus, guided hy the fundamental segmental type 
of the vertebrate structure, we come to recognise the ^ grand 
muscle lateralc,’ of Cuvhu’, as a group of essentially distinct 
vertical massc.s or segments, A superficial view of tlieso seg- 
ments, or an artificial analysis, has le<l to their being regarded as 
forming a .series of horizontal muscles, extending lengtliwi.se from 
the head to the tail : the upper portions, a, of the myocominas 
being grouped together, and described as a dorsal longitudinal 


' Professor Good sir proposes (clxxviii.) to alter this term to * myotome,* and to 
substitute for ‘ vertebra ’ or * osteocomma ’ (exu, I.S49, p. 88) the term * sclerotome,* 
&c.;*but this form of compound has been pre-engaged, for their -special catting 
instruments, by the sclcrotomists, ncurotoinists, lithotomists, and other classes of 
operating surgeons and their instrument-makers. If the itch of change be uncontrol- 
lable, I would suggest ‘ostcomcre,’ * scleromere,* * neuromcre,’ &c. (Or. part 
mstcad of K6fifiaj segment. 
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muscle, with tciKliiioiis intersections directed downward and back- 
ward — the lower portions, as a ventral loii‘»itiidinal nnisclo, 
with tendinous iiitersf?etions directed downward and forward, 
whilst the margins of the middle portions of the inYoeommas, c, 
heinir curved, and nsuallv bisected bv tlie lateral mneons line, have 
been taken as indications of two intermediate longitudinal muscles. 

In the Sharks, instead of a curve the juargins of the middle 
])ortions of the myocommas form an angle with the a[)cx turned 
forward, iig. 132; and in the J\ays the dorsal j)ortions liave 


i:52 
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actually become insula t(‘d from the middle oiuss, and nudainor- 
phosed into a continiions longitudinal niiiscl(‘, ligv 131), the 
i;i 3 change being essentially the same with that which the 



i)ony segments themselves nndei'go, when hy amrhy- 
losis the sacral or cranial vertebrae are blended into a 
continuous longitudinal piece. In niany l>ony fishes 
the middh*. fibres of tln^ caudal myocommas are dis- 
])osed in two cones; a transverse section of the tail 
as in tig. 133, shows the two concentric series of cut 


MfU-krn' 


segments of the slioathod cones, on (‘ach side of the 


s])ine. Tlic ])ortions of the myocommas above the lateral line 
l)ecome grouped, in fish-like Batrachia and in Oi)hidia, into tln*ec 
longitudinal inuselcs, eoinparable respectiv(dy to the ^spinalis 
dorsi,’ ‘ lohgissinms dorsi,’ and ‘ sacroliimbalis,’ the |>ortion.s ])clow 
the line responding to certain intercostals and the ‘ re(*tus alxlo- 
miiiis,’ of higher vertebrates. 


The myocoiimuis of one side are se))arated from those of tin? 
opposite^ side of the }) 0 <ly hy the vertehne, by the interneiiral 
and interbajinal apoiieuroses, and l>y tlie abdominal cavity and its 
proper walls, fig, 1 31 , Ji, p. The ventral portions recede from each 
other to give passage to the ventral fins, v, as in fig. 135, a: and 
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tlie ventral and lateral tracts separate to give passage to tlie pec- 
toral fins, as at a, h, fig. 13-1. 

From tins part forward, portions of the inyocoinmas undergo 
that change, analogous to anchylosis, which justifies their being 
regarded as distinct longitudinal nuisclcs: here the separaterl 
ventral tract, fig. 13o, tiy derives a firmer origin from the elaviele, 
and, in couKScqiienee of the forward 1 . evrrrve of the coracoid, it is 
not only expanded hut leugthcncid out, in order to l)e inserted 
there, ilut the serial liomolbgy of this faseienhis with the more 
normal vimtral portions of the succeeding myocemmas, the Inema- 
pophysial attachments of which have not risen al)ov(‘ the aponen- 
roti(‘ state, is iinmistakeahle. The lateral ])ortiou of the anteiioi* 
jnyocomma, fig. 1 31, is al(aehi‘d to the upper end of the eorticoid 
and to tlie s(*a[»ida ; the dorsal portion, /; to the sii]>raseapula, par- 
occipital and supcrocci[)ital. Wc recognise the dorsal portion (»f 
the posterior cranijd myocomma in the faseicidiis called ‘ protractor 
si*apuhc,’ fig. 134, r, the middle [)ortioii in that which is exposed 
hy the nanoval of the operculum, and which extends from the 
scapula to tlic mastoid, lig. 137,20 ; the ventral portions in the 
fasciculi continued from the coracoid forward to the hyoid, c, r, 


l;ri 



fig. 13/3 : the corresjjouding portions of the more anterior cejdialle 
Jouscidar segimmts juay be recognisetl in d and 27, fig. 135. 
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Other dismemberments of the crauial inyocommas are specialised 
to act upon the branchiostegal ap[)cndagos, the branchite, the 
upper and lower jaws, &c. ; and the chief of these, under their 
special denominations will next be noticed. 

The up[)ev and lower jaws arc so connected together in Osseous 
Fishes that one cannot be moved without affecting the other, and 
both arc alike moveable. Protrusion and retraction affect them 
equally, and usually to a greater extent than divarication and ap- 
proximation, or the 0 ])ening and shutting of the mouth : in a 
minor degree, also, the two halves of both maxillary and mandibu- 
lar arches have tiansvorse movennmts, varying the angle at which 
they severally meet at the premaxillary or prcinandibular symphysis. 
The most important retractor, which tends in that action also to close 
the month, is the large sul)qiiadratc mnsclc, refractor oris, tig. 134, 
20 , 20 , which arises from the tympanic j)edicle and anterior border 
of the preopercnbnn, and is inserted by the upper fasclenlus into 
the maxillary ; by a lower fasciculus into the mandil)le behind the 
coroiioid y)ro(*ess ; and by an apotnnirosis intotlic ineml)rane uniting 
thotwojaAvs near the Miigle of the mouth. Tlio muscle which 
tends to open the month hy depressing the mandible, on whicli it 

I3e) 
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exclusively acts, is that marked 27 in fig. 135 ; it arises from the 
ceratohyal, and is inserted into the back part of the dentary, near 
the symphysis, thivier deems it the homologue of the genioUy- 
oideus. Above the insertioiis of the geniohyoid pair is a muscle, 
the intermandibularis, 135, 2 i, wliich passes transversely from 
one dentary to tlie otlier, approximating the halves of the man- 
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dlble after they may have been divaricated. The latter movement 
depends upon the drawing upward and outward of the tympanic 
pedicle. Thus action is performed chiefly by the muscle, levator 
fympani, figs. 134 and 137, 24 , which arises from the postfrontal 
and expands to lx; inserted into the c})i- and prc-tympanics and 
into the octoptervgoid. In raising or drawing outward the tym- 
panic pedicle and attached part of the pterygoid, this muscle tends 
to dilate the liranchial cavity and the back part of the mouth. It 
is antagonised by the muscle, depressor tyoipani^ fig. 136, 22, 22 , 
which arises I’rom the basi- and ali-sphenoids, and expands with 
diverging fibres to he inserted into the epl- and pre-tym panics and 
into the entopterygoid. It depresses the tympanic, or approximates 
it to the opposite pedicle, and contracts the branchial cavity. 

The movements of the o[)ercular appendage are like those of its 
suiiporting arch, and are jierforined by muscles ])laced behind 
those of that arch. The levator opereull, figs. 134 and 136, 25 , 
arises from the iriastoM t rest, and is inserted into the upper and 
outer part of the oiiercular bone. The depressor opercidiy fig. 136, 


VM) 



of Ij.vomI jiiiil oport'iiluiii, I’l irlt. \x\m. 


26 , arises from the alispliciioid and petrosal, and is inserted into 
the inner ridge of* the opercular bone. The retractor hyoidei, 
fig. 137, 1 dy fig. 135, Cy Cy extends from the coracoid to the uro- 
^nd basi-hyals, but is chiefly implanted into the sides of the 
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former, and becomes tliroiigli the medium of 27 , a retractor of the 
mandible. When the retractor hyoidci relaxes and the mandible 
is the fixed point., tlie geuio-hyoidei, fig. 135, 27 , become pro- 
tractors of the hyoid arch. In some fishes a tran.sverse mirscle, 
repeating the eliaracter.s of 21 , fig. 135, pass(?s from one ceratohyal 
to the other. The brand liostegal appendage has muscles for rais- 
ing and depressing, divaricating and approximating the rays. The 
levator brauvlnosteciorum^ figs. 135 and 130, 28, arises from the 
inner surface of the hinder half of the opereular bone and from 
a contignons part of the siilmpercnlar, and is eontinued (rom ray 
to ray to the l<ov(;st, being loosely attadn.'d to tlieir imier surface. 
It forms a kiinl of muscular capsule ol‘ the hranehial diamhor. 
Tli(.‘ (leitrvssor hranehiosfeffonnn^ fig. 135, arises from the lower 
end <)f‘ the ceratohyal and passes ohlicjiudy backward, (*ro.s.sing 
its fellow, to Ix^ inserted into the inferior hranchiostegal ray. 
These inusi'les regulate the eajKudty of the branchial chamber. 


n: 



Mujflrs i.if lii.'S aiul .'/ills, Pirrtli. xx.vi/r. 


and mainly act upon tbe water it contains: tl icy show accord- 
diversity, c.specially 2s, in relation to the respiratory 
characteristics and connected peculiarities in different fishes, 
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the Angler (Lopfum) the levator is enormous, forming the wall 
of the ca]):icions reservoir on each side and behind the gills, and 
uniting extensivcvly Avith its fellow at and beyond the uroliyal : 
each long branchiostegal ray has, likewise, its peculiar muscles, 
originating from the supporting arch. In the Auf/idUidai the 
isthinal union or raphe of the levaturcs reaches Iroin the basi- 
aiid nro-hyals to the coracoid. 

"J'lie branchial arches arc sup])lled with muscles attaching them 
to surrounding |)arts, or ]>assing from one part to another of the 
ai’ch itself. 

The hratudndevahyres^ fig. 187, 3, arise from tin' alisphenoid and 
divide into foui* fasciculi, rcspecrtively inserted into tlie <'[)il)raii- 
chial of its own arch. The w(fsfo-~hranr]nfdisy ib. ai’ises from 
the extremity of the mastoid, and divides into two faseieuli, one 
iiiserted into the fourth e[»ibranchial, the other into the third 
|)haryngol)rauchial and tlu^ contiguous j)art of the pharynx. . 

The hranvid’-rvfravtovcii consist of two fasciculi, one superior, 
lig. 187, 37, Avhioh arises from the up|)er half of the eoracMnd, 
])assing hori/ontally to its insertion: the other inferior, ib. 32, 
])as.sing from the lower part of the coracoid oblicpiely upward; 
they retract and partly depress the branchial arcdies. 

'fhe hrani‘fid(lipressi) 7 ', fig. 187, 35, arises from tlic basihyal and 
ascends obliquely backward to its insertion into the cerato- 
branchlals : it is the more direct antagonist of the levatores. 

81 le proiraator ar.dpnhp, fig. 181, c, arises from the l)ack part of 
the masto-|)arietal ridge, and is inserted into the (‘oartienlaled 
parts of the snjrraseapula and scapula. The middle portion of the 
great lateral muscle, ib. A, serves, by its insertion, as a ntraetov 
The eorresponding insertion of the loAver portion of the 
great luusclc into the coracoid retracts that part of the seapulo- 
coraeoid arch, and is so modified as to have received the name 
^^uhroracoldcns, ib. fig. 181, /I 

The muscles of the pectoral fin form a pair, in two layers, on 
both the outer and inner sides of its antil)ra('hio-car])al l)ase: and 
the fibres of one layer run obliquely in a dilferent direction from 
those of tlic other layer in both pairs of muscles. The outer pair 
sibdiuqs or protracts the fin, the inner pair addiuds or retracts it, 
sweeping it back into contact wdth the flank : the first jnovement 
iwight he called ^extension,’ the second, Mlexion.’ The superficial 
alxiuctor, fig. 184, 14, arises from the upper and outer part of the 
toracoid ; it tends to elevate as well as extend the ])eetoral : tlie 
<lf^ep abductor, fig. 187, 15, comes from the outer border of the 
lower partof tJie coracoid; it depresses as well as extends the fin. 

VOL. I. i> 



210 


ANATOMY OF VERTEBRATES. 


The lower port Ions of both niiiseles arc shown in fig. H, 15 , 
Of tlie inner pair of innseh's, a portion of llie deopei' layer, dis- 
pose<l so as to laise as well as adduct the pectoral fin, is shown at 
16, fig. 1.37. l^acli innsele is inserted into the i>ases of the fin-rayf’j 
resolving itself into faseieuli and short tendons corres])onding in 
number Avith those rays: by difierent eonibinations of action these 
faseivndi (liA aricatc or approximate the rays. 

The ischial basis of the ventral fins in alalominal fishes may bo 
moved a little forward ov backward by the action of the ‘ inira- 
carinales’ according as they lie in Iront or l)ehind the pelvis. 
The latter, ‘ /.srr/oV,’ fig. 131, ?/% jiass backward to the 

vent, inel(»se it, and are. (‘ontiiuicd to the base of the anal fin. Th(i 
protractor heUiK fig. l.Mo, is, passes forward to be attfiehed to tlu; 
lower end ol the coracoid. 'I’lic protractors are short in thoracic 
fishes, e. g., the Po]*(di, and less distiia^t fi’oin the lower parts of 
tlie inyocoimnas than in ventral fishes, e. g., the Salmon. In 
fislies, c. g., the Lophins, Avhere the ischia are wide ajjart, there 
is a transverse nnis(‘le to draw tlnnn together, and aiitagonist' 
the portions ot the side ninseh's that, tenrl to di’aw thtan further 
apart. The muscles which act upon the ventral rays, like thosi* 
of the pectoral ones, form a pair, or two layers ol' slightly (h'ciis- 
sating fibres, on both the outer and inner sides of the huso ol' tin' 
fin. The outer or inferior muscles, fig. 13.j, ir>, ir, (h*j)ress or 
extend the ventral fins; the opposite innsclcs raise or ilex them. 
The portion of the deeper de|)ressor shown at 17, fig. IMo, serves 
to expand or dilate; the ventrals. 

.riie movements of the rays of tbe median fins are effeeted 
by three or four pairs of small museles attached to each ray. 
The su])crllclal ones, fig. 131, .r, arising from the skin, are 
inserted into the sides ol tbe base ol the dm’moneni'al or derino- 
Invmal sjiine. Ihe deej) ones, il). ?y, arise from the internenra! 
or interlucmal spine, and are Inserted into the base of the 
dcnnoneural or dermoliaanal spim;: tlie anterior of t.liese, fig. 
137,* 3, erects ihe s])ine ; the posterior, il). i, depress(;s it. Tin' 
myocommas ansAvering to the neural and Incmal spines of (he 
coalesced or suppressed cen1n*s of the terminal caudal vertehne, 
ehango their direction like those sjiines, slightly div'ciging 'fi'oin 
the axis ol vlie trunk to be inserted into them : iliese modified tei'" 
minal segments, liy llieir comicelioii Avitli the interlocked myo- 
commas of tin; gri'at lateral masses, coneentratc the eliief force 
of those inuseles u])(»n tbe caudal fin. The rays of this im- 
portant fin are moved by three series of muscles/ the one super- 
ficial, tbe second, deep-seated, tbe third interspinous. 3hc 
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sn])crficjal muscle, arising IVmn the terminal a]K>ncurosis of the 
Haleral nnisele,’ expands and separates fan-wise, fig*. 131, r, to its 
insertion into the l)as(!s of tlie caudal rays, '^fhe dee[)cr-seatcd 
fascicdcs arc exposed by the removal o(* tlie foregoing and their 
aponeurotic origin, and arise' from the coales<‘ed terminal cent rums 
ol‘ the caudal vertcdiric, to be inserted fnrfbcr from the basal joints 
of th(?! rays, and more advantageously ^r effecting the movements 
which alter the spr(‘ad of the tail-fin. Slender longitudinal mus- 
cles, .sirpm-carmahs^ extend along the mid-line of the back from 
[lie occi])ut to tlie first dorsal, and along tlie iutersjiaces of the 
dorsal tins in the Cod ; similar muscles, fig. 131, ?/, extend from 
lluj last dorsal to the caudal fin in the Perch ; and infra-arri- 
ib. ??, extend from the anal to the caudal along tlie keel ol’ 
the tail. In the Gyinnolus the su[)ra-earinales form a single jiair, 
which extends from the oceijmt to the end of the tail. The modi- 
fied cranio-dermal spines, which constitute the oval sii(;king-dis(‘. 
of the Remora, have a complex series of mliuite nuiscles, which 
raise or depress the transv(‘rse lattice- work ; and thus liecoiiK^ the 
means of giving the little feeble fish all the advantaged' the ra}>id 
course of the whale or the shi|i t(» which it may have attached 
itself The nuiscadar and membranous webs of the coalesced jioc- 
torals and ventrals of the Luinji-fish, I’onn a sucker on the oppo- 
site surface of tlie body, by wliieh it may vsaft‘ly anchor itself to the 
rock, in the midst of the (uvhulent surf or storm-tossed breaker. 

There are many modifi(%‘itions of the inuseular vsystem in tlie 
orders at the two extroines of the class. 

TJie segmental dis])osition of the iniiseular masses is most 
simjile, most distinct, most like tlie annulose ty})e, in the Cyr/n- 
stami: yet it is consideraldy specialised for the due Avorking of 
the suctorial apjmratiis. In the Lamprey, fig. 138, slips arc con- 
tinued or derived from the anterior part of the myocoinmas, for 
ilrawing back, bending in difierent directions, and expaiuling the 
mouth. Of these, the superior, c, is inserted into tlu^ cartilage, 
fig. 24,20; raises and fixes it, ghdng a fulcrum and favourable 
direction for the muscle, fig. 138, //, Avbicb directly retracts and 
Vaises the sucker, ti\ the inferior slip, /, is inserted into the pro- 
cess, fig. 24, y, and into the lower border of tlie gristly base of the 
sucker, ib. 22 : it retracts and dojiresscs the sucker. An intenne- 
diatc lateral slip, inserted a little higher upon the margin ofy, fig. 
24 , rctra(4,s and draws outward the sucker. All these retractors, 
co-operating, serve to expand the sucker; or, if duly antagonised 
l>y the spltincter orts^ pull liack the object seized by the sucker, or 
draw the body of the fish towards it, acconling to the fixed jioint. 
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Shorter muscles? arise, iil)Ove, from the cranial cartilage, fig. 24, r/, 
and below, from the hyoid (*artilago, to act upon parts of the sucker ; 
the latter,//,//, diverge to their iiisertious. Part of the dee))- 
seated lougitiidiiuil t\vp(mmr oris^ more directly aiitagouising the 
circular sphfnrtrr oris, tr, is seen at;//, fig. 136. 

Details (rf the inyology of the Myxinoids with a comparison of 
the muscular system of Pishes with that of liigher Vertebrates, will 
be found in xxi. pp. 179-219. 

In the Ti'iink-fish ( Osfnu ion) flexion of the trunk is abrogated 

by the case of ganoid armour, fig. 16, 
//;/, ////, iiudosing the body, and wliich 
leaves oidy the jaws an<l fins free. 
The myocommas arc accordingly re- 
duced to a thin layer of longitudinal 
filings, modihed posteriorly for inser- 
tion into tlic moveable part of the 
tail and Its fin. 

In another jfleidognath, the odd- 
shaped 8un-iish ( ()rfltf/fp)nsrns) the 
muscles of the continuous vertical (ins 
take the place of tlio ordinary myociun- 
mas: those of the lofty dorsal com- 
mencing behind the occiput; those of the deep anal behind tfie 
short abdomen: the ([('rmonarrales arise? (rom tlie integument, 
especially the filirous septum of the lateral liru? ; the deoj/er-seated 
interne unties from the n(*ural and internal ral spines. Each series 
is more or less blendifd togidhcr, conformably with the degree of 
confluence of the intenumrals, upon tin? expanded ends of which 
the spines of the dorsal fin move as one body, the anal tin having 
a similar structure. ^Nevertheless, towards their insertion, the 
fasciculi of the fin-rays become, like them, disllnct; each one 
liehind being sheathed by the one in front, and their long tendons 
passing througli lubricated grooves or sheaths to their insertions. 
On the sides oi’ the abdomen (he muscles are reduced to two fas- 
ciculi, cx[)anding, tlie one from the clavicle, the other from the 
coracoid, upon tlie peritonenm.' 

Amongst the Plafiiostomis the Sharks are the most active and 
powerful, and in them tlie muscular system is most developed, and 
in certain parts most specialised. The more, acute angles formed 
by the intermyoeommal septa have already been noticed, fig. 132. 
A fasciculus contimiod from the upper portion is inserted, by a 
strong aponeurosis into the u])]>er jiart of the cranium, ib. «, //■ 
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The irmscles of the jaws are very powerful^ as jiiio-ht he ex|>ecte(l 
ill these fierce and predatory fishes. One, analo<^ons to the " teni- 
poral,’ fi^. 132, ///, arises from the lateral and p(^sterior ridge of 
the cranium, and its iiln-os converge as they pass obliquely down- 
ward and forward to their insertion into the mandible. l?licy arc 
covered in great part by the stronger muscle ib. /, analogous to 
the ‘ masseter,’ which arises from the yjider part of the postfrontal 
ridge, passes over the rnaxillo-mandibular joint, as over a pidley, 
and ox])ands to its insertion in (he lower side and ridge of the 
hinder two-thirds of the mamlible. Smaller nuiscles, ^ maxUio^ 
ina?tfl/h ft lares,' ib. fj, pass from the upi)er to the lower jaw, and 
directly close the mouth. The openers arc chiefly the imis- 
eles, p, wliieh have their chiel* fulcrum in the coracoids, 
and cxpaml to be inserted into the symphysis mandibular 
d'he gill-apertures arc contracted by the muscUss, q, q, and di- 
lated by others j)assing obrnpicly from above to their front boun- 
daries. The muscular in vest- 
ment of the branchial chamber 
of the Torpedo fig, 139, r, re- 
ceives a rasci(‘ulus from the 
sca[)ida, and sends another, 
il). o, forwards to the cra- 
nium, from which the con- 
strictor of the electric; bat- 
tery, i:, is continued. The 
protractor scttjttthr in the 
Skate and Torp(‘(lo is of con- 
siderable hmgtli, in conse- 
<]uence of the l»at‘kward dis- 
placement of the scajuilar 
arcli, and is ol’ great strength, 
by reason of the enormous 
pectoral apjKmdage wliidi 
the arch sustains. The myo- 
commas of* the trunk arc 
fused into f our great longitu- 
dinal masses. Tlic neuro^ 
medial mass, fig. 139, a, 
arises from the scajnda, s, 
from the vertebra; behind the scapular attacdimciit : above the 
]»elvis they divide into tendinous slips, which pass l)ackward 
in separate sheaths, to lie successively inserted into each vertehra 
as far as the end of tlic tail. Tlic nenro-lateral mass or muscle, 



MusdOdaiul icittc-iios <vf ihr TtM’iHMlo 

\i.iii. 


and bv strong canioons fasciculi 



214 


ANATOMY OF VERTEBRATES. 


il). <*, arisino' IVoiu tlic (>utcr part of the scapula and from the 
})arapo])h\ ses of succeeding vertebra', is inserted by similarly 
disposed, but inoi-c slender tendons. At their tcM'inination, cadi 
tendon bifurcates, allowing that appropriated to the succeeding 
vertcbi*a to jiass througli it, so that all, save the last, are both 
perfondi. and perfomntes. The protnicfor scapidcv.^ il). /, be- 
comes, when antagonised by the two foregoing muscles, the 
chief elevator of the head. Of the two innscles o:t the ros- 
trum in the Ixay, the superior, Ivxntor 7'ostri, arises from the 
scapida by a short tleslvy belly ending in a slender round tendon 
winch runs ahovc the branchia'. in a synovial sheath to the rostral 
cartilage, wliicli it serves to raise: the inferior, dqtrrssftr rostri^ 
arises from the h)wer |>art of llie coalesced anterior vertebra*, runs 
o]»Ii({uely outward, and then curves inwanl to its insertion into the 
lower part of tlie base of the rostrum. The muscles of the jaws 
in the llays im'lnde, Avith woj:illo--ffuuidthn1nn>s^ those answering 
to 7 and //i in the Shark, fig. 132. T\\ii df^pirnsor inandihuli is a 
large oblong mass of parallel longitii<linal fibres, arising iVom the 
lower (coracoid) part of the scapular ciiK'tnrc, and passing l*orward. 
to be inserted into flie mid part of the mandible. Two small mns- 
ele>s, one on each side, contrihutc to depress the mandible: they 
are attached in front near the (‘(nrirnissure of tin*, lips, and, running 
inwai’d, almost cross each other heneath tin* greal depn'ssor. A 
third muscle has its fibres remarkably interlaced, but divisible into 
three chief fascicles, two of Avlii<*h are anterior and one jiostcrior: 
this is derived from the end of the upper jaw Jind joins tiu* hinder 
margin of the second mass. The lirsi portion is situated in front 
and al)ove the maxilla, near its coimnissnre, ami lains ol)li([uely to 
join the outer (idge of the second fascicle: all eo-o|)erate in firmly 
closing the mouth. The protractor oria forms a pair oi’ long and 
sh'iuler inuseles passing from the rostrum between the cranial base 
and the palate to l)e inserted into the maxilhi. T\\o mnselos of* 
the vast pectoral fins form two thick fleshy Layers, covering its car- 
tilages above, fig, 131), /, and beloAV, and dividing into as many 
fas(*icull as tliere are fin-rays, into which they are inserted. A 
similar arrangement obtains in the muscles of* the ventral fins, il). c. 

The nuiseles, in Fislies, of the eye-ball, the air-bladder, and of 
some oth(*r special organs, will be described with the 2 )arts they 
move. 

The muscular tissue (myonlne) of fishes is usually colourless, 
often opaline, or yellowish; white when boiled: the muscles of* 
the pectoral fins of the Sturgeon and Shark are, hoAVCver, dee])er 
coloured than the others ; and most of tlui muscles of the Tunny 
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arc red, like those of (he vvann-blooded classes. The want of 
<*()loiir redates to tlie coniparatively small ]>roportion of rod Idood 
(•ii’culated through the muscular system,' a)id the smaller pi*o])or- 
tion of red -part ides in the blood of fishes : the excej)tions cited 
seem to dei>end on inerease<l circulation witli groat energy of 
action; and, in the llonitoand Tunny, with a gr(Miter (juantity of 
l)lood and a higher toinj)eraturc * than in other fishes. The deep 
orange colour of tlie flesh of the SalmfuL and (.■bar (le])ends on a 
p(M*.uliar oil diffused through the <*.ellular slieaths of the fibres. 
The muscular fascIouH of Fishes are usual ly short and sim])le: 
and very rarely conv(‘i-go to be inserted by tendinous chords.*' The 
|)roporlion of myoninc is gT(‘ator in Fishes tlian in other Verte- 
l»rata; the irritability of its fil)res is considerable, and Is long re- 
laiiied. Fishernum take advantage of this property, and Induec 
rigid muscular c.ontra<;tion, long jifter the usual signs of life have 
dlsap])cared, l)y transvc‘rs(i cuts and immersion of tlie muscles irj 
oohl water : this operati<»n, by whirdi the fiimnoss and s|)eelfic 
gravity ol‘ the muscular tissue are in(!reas(?d, is called ‘’ crimpiug.’ 

§ 47 . of /It'pfi/es.-- Thii myoninc of the air-breathing 

1 Ijematocrya is always pale, in colour, and the fil)res are temaeious 
uf their irrita!)ility : the energy ol* the innscudar contraction is in 
sonie inslaiKres, and on some occasions, great; Imt (anuiot ho ex- 
cited in rnMjnent succi'ssion, such ])owTr Ixiiiig soon exhausted. 

In tin? ichthyoniorphoiis Ihitrachia tlio recent niyonine jn’cscnts 
a pearly clearness, as in some fishes, and tlie chief bnlk of the 
tissiui is arranged in transverse segments, of which, however, the 
progn'ss of massing into longitudinal groiips is gi'cater than in tJie 
Sharks. In the Salamander, figs. 140, 111, the neural or upper 
halv(\sof the myocommas, separate<l at the midline of the back by 
a fnrro\v lodghig culancoiis follicles, liave a tendemey to group 
themselves into distinct longitudinal tracts, as they advance for- 
wanl : just as their homologuc — the common ‘ erector spinie’ in 
man siil)diN'ides into the longitudinal masses called ‘ sacro-lum- 
halisf ‘ longissimns dorsi,’ aiul ‘ spinalis dorsi,' &c., in its corres- 
ponding course. The median portion, fig. 1-10, n r/, in Soloniandra^ 
representing the sjnnoUs dorsl in the trunk, lias its anterior 
insertions in the neural arches and spines of tlie cervical and occi- 
pital vertebral ; and there answers to the ^ S|>inalls ’ and ‘ semispi- 
nalis ’ coin, and to the ‘ hi venter eervicls’ and ‘ eomplexus.’ The 
lateral jiortion, answering to the lonyisshntis doral i\\\k\* sacro-ht m” 
hoUft in the Irnnk, represents, by its insertions, the ‘ trausversalis 
eolli ’ and traeliclo-mastoidcus, fig. 140 , 5, in the neck. Tlie hiemal 
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or lower half of the myoeomnias in the 
trunk, fig. 140, o, has hccii held to represent 
the ohliquu^ externua abdominis ; but, as it 
is segmented by aponeurotic prolongations of 
the short pleurapophyscs, both in the al)do- 
inlnal and caudal regions, it is more like a 
scries of intercostals. Tlie broad, thin, car- 
neotendinous sheets, called ‘external’ and 
‘ Internal oblique ’ muscles in Mammals, hav- 
ing theirfibres running in opposite directions, 
may, indetjd, be referred to the same system 
of segmental trunk-muscles ; but this grade 
of (lifferentiation is m>t reaelusl in Fishes 
and fish-like Batraehians. The medial |>arts 
of the haaiial myoeojnmas arc more distinct, 
and show more of the t*haracter of a longi- 
tudinal museh} with tendinous intersections, 
like the ^ linete transverste ’ of the human 
‘rectus abdominis and this muscle is one 
of the determinable honiolognes of a r(*t'og- 
nisalde tract of the myocornmas of the fish 
and newt. In the Salamander, however, 
the tract, lig. 141, s, is as superfichd as that 
j)art of the sheath of the ‘ rectus abdominis’ 
in Mammals; and it forms a corresponding 
part of the sheath of a <lee[)er-seated longi- 
tudinal muscle, fig. 141, r. Both 7 and 8 
are specfialisations of the lowest lueinal por- 
tions of the myocornmas: they arci anteriorly 
resolved, or continued, as in Fishes, into 
muscles acting iqx>n the scapular, hyoidean. 
Mild mandibular arclics. The puhohyoide.us^ 

7, arises from the pul)is and outer ])art of 
the gristly hacmapojdiysis, or Y-sha)>ed 
cartilage, fig. 1 FI, d. ; it runs forward 
in a sheath, analogous to that formed 
by the aponeurosis of the external and in- 
ternal oblique muselcs of jMarmnals, and is 
inserted into the ceratohyal. The muscle, 

8, called ntetus ahdominis^ by Funk,* has its 
attacbment to the pul>is through tlie medium 
of the T-shaped cartilage*, which re[)resents 
the marsupial bones and tendinous ‘ pillars 
of the abdominal ring’ in Mammals-: it is 
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attached anteriorly in jiart to the triangular sliort stonuim, ex- 
tending beyond it to the transverse part of the eiiisteruiiin, and 
is thence continued (as in fig. 27 ), to the syinjiliysis maudi- 
buhv, representing the (jn^iohyoidena, A small liisciculus, fig, 141, 
10 , is also sent to tlie eoraco-scaimlar joint. 

The U])])er jaw is fixed. The muscle which, by its insertion 
into the lower jaw, acts as a is divided into two 

fascicidi ; one, fig. 140, 2 , has the normal origin from the side of the 
cranium; the other, ib. 1 , atkijit()-m(mdllml(in.s^ acts with greater 
force by deriving Its origin from the neural areb and sj»iiie of the 
atlas. The masse/er, ib. a, arises from the mastoid and cjiitym- 
panie, and is inserted into the outer surface ol‘ the hinder half of 
the mandilde. 'J'lie ocrlpitf)--infni(lihi(kfris, or dhfastricua, ib. 4, 
arises from the jiaroeclpital and back ]>art of tiie (^pityinpanic, 
and is insiTled into the angidar element liebind tlie tympano- 
mandibular joint whereby it opens the mouth. In this action it 
is aided by the strip, ib. la, wlvlcJi passes from tlie angle of the 
jaw upward to the skin. Some amount of lateral movement of 
ihe mandible is olfected by a pUnpund muscle. The rotraetion of 
Hie mandible is jirovided by the muscle, il). la, although It secjms 
lost in the skin, as it ]>asses backward from tlio angidar process. 
A nt//lolu/oid(!t(Sf fig. 141, 11 , ])asses from one ramus to the other, 
external to tlie prniolu/oidfUfSy ib. s/, ami to the following 
imiscles of the hyoid arch. 4"he (jnuo-ccratoidci(ii^ ib. 14 , arises 
from near the sympliysis mandibuhe, and is insei’tcd into the cei*a- 
toliyal. The hijohranidnalis, ib. 15 , passes from the base of the 
ccratohyal to tlie liyobranchial cornu. 

With tlu* growth and specialisation of the segments of the 
limbs the muscles became larger, more numerous, and more dis- 
tinct. The fig. 141, lo//, IG, has its origin extended from 

the fore jiart of the coracoid and e]>istermim tv^ the liuea alba, or 
aponeurotic continuation of the sternum, half an Inch beyond the 
coracoid ; the filircs converge to their insertion into the pectoral 
ridge of tlie liuiiuu'us ; but so that the coracoid jiortlon is almost 
a distinct muscle. This muscle suspends the fore part of the 
trunk upon the fore-legs, and besides de[»res,sing the bumcnis, 
rotates it in the plane of the body’s axis as dilferent portions of 
the muscle come into action. 

A muscle, fig. 140, ii, arising from scattered filires by a longi- 
tudinal tract of the aponeurosis, (covering tlic lo/ujls.^innis and 
•ydmlis dorsf\ collects those fibres and contracts as it descends 
over the hind part of the scapula to be inserted into the bach part 
of the pectoral ridge. An anterior part, ib. 22, of the same 
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system of con verging' fibres 
takes its origin from the 
sca])ula itself, and converges 
to an insertion close to that 
of the preceding. The entire 
mass of the muscles 22 aiid 
11 antagonise that, i( 3 , 
behnv ; one raises, the other 
de[)ressos, and both rotate, 
the hmnerns to and fro. As 
the fore-limb gains size and 
power ill higher air-l)reather,s, 
the muscle J i seeks a more 
cxlendtHl origin, covers a 
greaUn* projjortion o[‘ the S(‘g- 
mental sysl('m of trunk- 
muscles, a(‘4uires the naim* 
of /(j/h.siwtfs t/orsi, and, in 
Anthroi^otomy, is classed 
amongst the ‘ lij'st layer of 
the muscles of the ba(*k.’ The 
muscle 22, becomes <leve- 
lopcd into ‘ ’ and ^ iu~ 

fra-sjtinafifs^ and, [)erha|)S, 
also dalhiidcs, ^Idie pro- 
Irarior saipaJa*^ arising, as in 
Fishes, IVom the paioccipital, 
now also derives fibres fron» 
the tran.Nverse processes of the 
first and se(iond trunk-verte- 
braj, and divides into two dis- 
tinct fasci(iuli; one, tig. 140 , 
12, is inserted into the base 
of the scapula; the other, il). 
20, into the humeral end of 
that bone. A small rStrip, is, 
which tends more directly 
to raise the scapula, arises 
from the transverse ]>ro<*es- 
ses of the third vertebra; but 
the muscle, 19, Is that whicJi 
best answers to the hvator 
satpulw of Mammals. Two 
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slripft; rrom tlic secmul and third cervical dlapoplijsew. Inserted 
into the under [)art of tlie scapula, indicate tlic c()iiiinen<*cnK3nt of 
the .sf^n'ffhfs ruatjnm anticua^ fu^. 141, 21 . The iiunss of imisclc, 
jigs. 140, 141, 2 ;?, wliich protracts orMlexes’ the forc-ann, arls- 
Hig (*r<nn the fore and inner part of the gleiand cavity and from 
the lore part of the humerus, rej>resents the /Hirj)s and hrarkialh 
infrritns. Tlu; retractor or extensor ^uass, ib. 24 , answers to 
(he divisions of the triceps. (.)ii the aniihrachiiim the Hexor of 
the wrist is divided into a ‘radial,’ fig. 141, 2 ;"), and ‘ulnar,’ 
iig. 110, 20, portioji ; as is likewise the extensor, of which, 27 , 
fig. 1 1 1 , rcjirescnls the cr/rz/sor /////rovV, anil 28 the r/toz.Vfyz' 

afrpi rfidifdis : 20 is th(3 Jlcxor dhfltornni ronimuids, and ;5() tlu; 
i'.vfi'itsitr dUj'doi'Hm annnnmia, 

14ie ijrrtor/fliHy fig. III, 10, is represented in tlie pelvic, limb 
l)y tlie mnsole, ib. ;J0, which arises from the isebiojnibic syni- 
jiliysis, and is ins(;rted into the front and inner ]>art of the 
head ol’ the tibia. Tins mass in liighcr reptiles becomes dif- 
fi reiitlaled into tlie //ceZo/fv/.v, the addjirlors^ and the </mcilis ; 
it ile’presses ami adducts the pelvic limb. Its chief antagonist 
i.;; marked ao in fig. 140. It rises from tlu; ilium, and is inserti'd 
into the lower and outer part of the femur, and also into the 
niitcr part of the head of the tibia; it corresjionds liy its origin 
witli 22 in the fore limb, and liecomes develofied into r/h/frus 
t'.r/rnins and ^ /rnsor Jascdcc in Mammals. The fasciculi 

wliicb (‘orresjiond with n, in the fore-limh arc ar and 32, fig, 140 ; 
(lu‘y arise from fascua connected with (he Iransviu'se processes of 
the third and fourth caudal vertebra*, and are inserted into the 
middle and back part of tlu*. femur. The muscle, ai, which arises 
from the fore [lart of the ilium, and is inserted into the upper 
thini of the femur, repeats tlie anterior fibres of 22 in the scapular 
limb. The (;bief dincronce is that tlio ])rotractors, ai, and retrac- 
tors, a 2 and ar, of the thigh arc more distinct Irum the abductor 
and levator, ai) ; and that this has a more advantageous insertion 
lor its oiFiec by being extendecl to the second segment of tlu; 
limb. The retractors, 32, 37, act like the latissimus dorsi 11 : their 
origin is in connection with the vertchral or axial system : they 
become developed in the pelvic limh of higher animals into parts 
of the ‘ glutei ’ and ‘ jiyrijonnis,’ 

Tlie [)rotra(*tors or flexoi-B of the thigh, 34, 35, which answer to 
tliose of the arm, 23 , arise from the fore and under part of the 
ilium, and are inserted into the fore and up}»cr end of tlu; tiliia. 
The nmscle, fig. 141, 35 , which passes to the iniu*r side of the head 
of the tibia, aiisvvcrs best to tlie ; the larger mass on its 
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outer .*^ 4 , to the trienps vxtensor cruris^ arul more cspeeiall y 

to the revtua femoris^ as having its chief origin froiii the ilium ; 
whilst its tendon ex})a!ids over the fore i)art of the knee joint, as 
that of ‘23 passes over* the foi'e part of the elhow joint; and both 
witlioiit having any sesamoid lever deveIo[)ed therein. 

The reli*actoi-s or extensors of the tliigh and l(‘g, ih. 33 , answer- 
ing to the retractors of the arm and fore-arm, 24 , arise from the 
liirnler and outer part of the ilium, and tire inserted partly into the 
femur, ))artly into the outer part of the head of the tibia. A 
mnsele, lig. 141, 38 (sdcro^planlftria)^ forming part of this system, 
has a s])ecial extent and disposition, favouring the effect ive I)ack- 
ward stroke of the foot in swimming: itai*iscs from the sac^i’al ril) 
and is inserted into the i)lantar fas(‘ia. It is a ‘ tl{ixor’of the leg, 
like the Mficeps liexor cruris;' it is an ^ extensor ’ of the foot, like 
the ‘ plantaris.’ And here a few remarks may be olfered on the 
terms ^ flexion’ and ‘ extension,’ as a|)plied to the ‘ forc-arm’ and 
^ leir ’ in higher air-breatliing V’^ertebrates and in Man. 

The fore and hind limbs of (lie Salanuuuhu* an* figured extended 
in eorrespoudlng positions, in fig. 140, as those ol* the Plesiosaunis 
are represented in fig. 45. The ulna is external or posterior in th(^ 
arm, the fi))uhi in the leg. If, in the dead newt, the fore-arm be 
moved upon the arm to and fro, in the direction of the trunk’s axis, 
it ean ho bent at an angle with the arm eilher way ; an<l the like 
would most probalily be the ease in the lUesiostiur: tlu're is 
no bony configuration of the elbow-joint to prevemt this in either 
rejitile; only the ligaments favonr the forward bend more 
than tlie hinder one, in the batrachian. In the hind liml) tlie leg 
can be bent at an angle with the, thigh, both forward and liaek- 
ward; but the ligaments of the joint offer more resistance to llie 
forward tlian to the liaekward b(‘nd. As w(^ ascend tlie verte- 
brate scale in tlie eomjiarison of liinlis, a bone of tlie forc-arin 
sends a process across the back jiart of the clliow-joint vvhicli 
fits into a eavlty in the lione above the joint when the two are 
brought into the same line; and the f(>r(‘-arm cannot be bent 
back at an angle witli the arm without fracture of the iiitei- 
loeking bar or ‘ olecranon.’ In the leg the contrary bend, at an 
angle forward ujion the tliigh, is jn-evented by configuration of 
tlie knee-joint, with interartieular (*arlilages anil Hgaments. 

Thus the forward bend is favoured in the foro-limh; the back- 
ward bend In the hind limb. 

In quadrupeds the limhs are habitually retained witli the fii’st 
and second segments more or less bent in the directions favoured 
by the configuration of the elbow-joint and knee-joint respec- 
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lively, to wlilch the muscles conform in relative size and posi- 
tioiL These opposite bends arc shown in the skeleton of the 
Crocodile, fig*. 57. 

'Wnien the leg, go, is brought forward ([)rotractcd), widening the 
angle between it and the tliigh, and when the forc-ann, 55 , is 
brought forward, contracting the angle between it and the arm, 
:>a, tlic motions are the same, or homol(^*ons in both limbs. lUit 
ill one case such motion is called ‘ flexion in the otlier ^ exten- 
sion these terms relating not to the absolute line or direction of 
motion of the limb, Imt to the resulting relative position of one 
segment of the liinl) to another. The jirotractor muscles draw- 
ing forward the second segment of the liml) to an angle with 
the first, are calh^l ‘flexors;’ those drawing forward the second 
segment^no// an angle with the first, are called ‘ extensors.’ The 
same dislinclion is made with the ‘ retraidors,’ according as, in 
drawing back the second segment, they rotate it from an angle 
to a straight line with the first segment, or from a straight line to 
an angle. Thus the homologous movenieuts are signilicHl by dif- 
ferent terms, and the liomotypy of the museles has been masked 
)>y the same artificial verlial distinetions, Tlie ‘ flexors ’ of the 
fiire-arm answer to tlic ‘ extensors ’ of the leg in serial homology, 
'llie ‘ I)iee])S tlexor cubiti,’ with the Mjraehialis antiens,’ is the 
liomotype of the ^ triceps extensor cruris,’ not of the ^l)ice])S flexor 
cruris while this muscle, with the sianitcndinosus, is the homotyjio 
of the ‘ trlcc])S extensor <!ul)ili.’ Much of the difficulty of coin- 
prehendiiig tlic true serial homology of the jiarts of the fore and 
hind liml) has arisen from regarding the flexors in the one limb to 
b(i the hom()ty|)es ol* the Ilexors of the other, and vice versa. The 
pertinacity with which tlie idea of tlic patella being the liomotype 
ol‘ the olecranon is maintained, dc])cnds in a great degn^e upon the 
error of siifiposing the ‘ triceps extensor cuhiti’ and the ‘ biceps 
extensor cruris’ to be liomotypes or serial liomologucs.* 

Heturnlng to the Newts, we find the chief retractor or extensor, 
fig. 141, 39, of the foot answering to the retractors or flexors of 
the carpus, 25 and 2 G. But, as regards the toes, since tlieir joints 
are so arranged as to allow them to be most easily and extensively 

’ Some anatomists assuming this to be a matter ilelermincd ami unquestionable, 
make it tlic basis for impugning the opinion that the patella answers serially to the 
tendon of the biceps braebii, and especially to the sesamoid sometimes developed 
therein. “ Unless we arc entirely to disregard the guiilanec of muscular relations 
in determining homology, wc must admit that the ossicle upon tlic olecranon is the 
hornotype of the patella,” &;c. CLXxr. p. 21, and clx. passim. Tlic inuseuhir 
concur with the osseous relations in showing that the ossicle upon the olecranon is 
the liomotype of that upon the peroiiecranon, or produced head of the fibula in 
certain marsupial and other mammals, clxi. pi. 1, fig. IG. 
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inove<l iu the direetioe of *' retrfictjoii,’M.s tlie limbs bang in lig. 140, 
the ‘ ih'xors’ oi* the fingers have their homotypes in the liind limb 
called ‘ flexors oi* the toes,' and the muscles clfeeting the opposite 
movements of the digits are termed ‘ extensors ’ in l)()th fore and 
hind limbs. The muscle, 4 o, arising from the fascia of the knee, 
becomes by its insertion the extensor Ioih/ks du/itoriim pedis. 
The muscle, a\, is iUe flexor loiifjus dd/iforntn pedis, A short 
extensor arises from the fore part of the tarsus ; its tendons 
unite with those of the long extcjisor. A short flexor froui the 
op[>osite side of the tarsus divides, to l)C inserted l)y lloshy fibres 
into the tendons of the flexor lougus. The hallux has a special 
extcj'isor and abductor: the filth toe has also an a1)ductor: these 
conibijiliig in action, enlarge the breadth of tlie foot. 

In the higher reptiles, of the order CroeodiUo^ chieily ailhcting 
the watery element, and with frame and limbs jn-oportiomal 
for natation, the primitive segmental siruetiire continues to 
be shown by the vertical aponeuroses i)assing outward from each 
successive vertebra, espe(‘itilly from the di- and pleur-apo|)hyses ; 
th(‘y divide the mass of muscles answei‘ing to the caudal tnyo- 
commas of Kislies and fish-like Jhitraehia in tlu*, tail; to tin* 
sjdnalis dorsi, /oni/issinufs dorsi^ and soerolinnlndis of higher Ver- 
tebrates in the back ; and to tJie eerricffUs ascendens. sj)leniffs eapitis^ 
and fransrersolis colli in the neck. Tho posterior atta.(‘lnnent «)f 
the sacrolumhoUs is to tiui fore ])art oi’the ilium by a slender ten- 
don : that of the hnujissimns dorsi is to tlui saci’al ribs. Extermd 
to the longissimus dorsi is the trarhelooKistoideffs^ originating 
beliind from the diap\)physcs of the second or third dorsal vertebra, 
])assing i'orward bctwc*cn tlie di- ami zyg-apopbyses of the cer- 
vical vertebra^ deriving slips therefrom, and inserted into the 
mastoid. Tlie eomplexns rises fi*om the sides of the neural spines 
oi* the middle cervical vertebne, and is inserted into the [larocci- 
])ila]. The splenius capitis arises from tlie neural sjiines of tlic 
anterior dorsals, and is partly a contimiathm of the spinalis dorsi : 
it is inserted into the su])croccij)ital, and shows traces of the seg- 
mental structure. Tlie ])owcri*ul imiselcs of tlic tail are lnor(^ 
decldcMlly divided by ajiuneurotic septa into segments, corresjumd- 
ing with the vertebrav, but lb(»yare grouped togetber, by Cuvier, 
into three pairs of longitudinal muscles. The first is neuj*al in 
position, and chiefly a liack ward jindongat ion of the spinalis dorsi ; 
the myocornmal se|>ta form an angle directed forward. Tlie 
second is lateral, and begins liy a strong tendon from the upper and 
liack jiavt of the ilium, and by a second tendon f*rom the ischium : 
it is also connected >vitli fleshy flattened fasciculi from the pubis 
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find alxlomimal ribs: its myocomnial se])ta describe an acute 
directed backward. At the base of the tail it descends to tlie 
lower border, and covers ]»art of tlie tifird muscular coliiiun. 
This derives a tendinous origin from the inner troehanteriau ridge 
of tlie femur, and from a ligament thence extending to the feiuoro- 
filndar articulation: from these attachments the muscle passes 
liackward to tlie hiemal arches and^piiies related thereto by 
alternating origins and Insertions, and there assumes the myocom- 
nial character of the lowest orhaJinal trai^t in the tail of tlnj X(‘wt 
and Fish. .l>y its anterior attachments in the (.h'ocodile, this series 
ol* muscles- the/c///c/v>-y;r/w/cc-cncc^ o(* (iivicr -closely asso- 

ciates the pelvic limbs with the tail in the natatory actions and 
evolutions of the amphibious carnivore. 

The mandibular muscles arc strongly (h'veh'ped in ibii Cro- 
codile in com|)arisou 

with otlier Saiiriaus ; 1 12 

altbongb ibey seeau, 
after a compiirisou with 
those of carnivorous 
mammals, small in pro- 
portion to tlu' l(*nglh 
and massiveness of the 
jaws. The temjioral 
is rc[)rosent('d by two 
uiuseles, one of wbicJi, 
the prefempornlis^ iig. 

142, c, has its origin extended forward into the orlfit from 
lieneatb the tiostlrontnl, wlienee its libres jiass olifnpiely back- 
ward: tln> larger fcinpor/dis^ ib. f, is attached to the jiarietal, 
(be mastoid, anil tym|)anic, and its fdires ])ass vmMically external 
to those of the, preteinjioral, to be inserted into the coronoid and 
surangnlar. The ptcri/fjoidrl are larger muscles than the tem- 
porales ; the one Irom the cctopterygoid, fig. 142, //, receives 
an accession of fibres from the long jitervgoid bone, and, 
|>assing obliipiidy backward, swells out into almost a hemi- 
spberic prominence at its insertion into the outer side of the 
angular elements at h. The apertor oris, oi* d/f/astric^ il>. arising 
from the back pai’t of the jirominent mastoid, descends obliquely 
backward to the projecting angular process liebiiid the tympano- 
mandihular joint. AVhen the mandible rests 011 tlie hank, as at 
n, a, siqqiortliig the head of the crocodile, and makes its angles, 
ih. 2 ^), the fixed ]H)iut, the digastrici, /y, acting upon the lever of the 
mastoid, 8, open the mouth by rotating the cranium and upper 
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jaw from h to r, ii])(>u tlie lympaiio-mandibular jonits, t. Obser- 
vation of this action enjxciKlered tlio notion that the upper jaw 
was moveable^ and tliat this was a peculiarity of tlio Crocodile; 
but it moves only as part of the entire cranium. 

As the nniscles of the limbs roach their maximum of numT)er 
and variety in the Chehmia and saltatory Batracliia, they will be 
specified in those groups ; and the myology of the trunk will be 
resumed, as it is seen in the Oplndia. 

In these reptiles, as might be. expected from the functions of 
the spinal column, sp(M*ialisation of the muscles of the vertebra*, 
and ribs roac'hes its maximum. '^I'ho coalescence of the upper or 


neuromesial and iieurolateral j)arts 
tudinal tracts is more comjiletc and 

14 .'] 



s uf Uii' \«;vlf!i»ra^ ;iii<l rihci. Python, < 


pass forward and oujtward partly 


ot* the myocoinmas into longi- 
distlnct than in the lish-like 
Batrachuf, or th(> C^roanlflfa; 
the primitive distinction or 
segi nen tat i on I )e in g j )rc- 

serv(?d only at tlu* jiolnts of 
* attachment. 

In the neuromesial tract, 
lig. 14B, A, those which 
may be called ‘origins’ are 
in two series, one iVoni the 
bases of the neural spines, 
the other by short tendons 
from the diapophyses: tlui 
ileshy fil)res from each ori- 
gin convergt; and coal(‘sce 
as they pass l()rward, and 
terminate in a long* slender 
tendon : th(*so tendons are 
attached to the summits 
of the neural spin(‘s. We 
have here the characters 
of sent /'spina I is and sj/inalis 
(lorsi. The column external 
to the |)rcceding aiiswer.s to 
the loiK/issimns dorsi ; it 
arises by a series of fleshy 
origins from the transverse 
processes, and by tendons 
from the contiguous parts 
oJ the ribs ; the fleshy fibres 
to the fascia covering the 
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,sernisi)inaHs dorsi, arid partly to its insertions into tlie neural 
spines; its foremost atta(*Ijmcnt is to the sii])eroeeipital. Tlio 
thin] (neurolateral) tract derives fibres from the tendinous origins 
of the lougissimus dorsi, and detaches from its outer side thin 
.sli|)s, each inserted by a slender tendon ijito a rib ; It rcjjrescnts 
the sarrohinihalfs, A muscle deriving slips of origin from the 
yygapophyscs of four or six anterior vex:tchr:e passes forward to l)e 
inserted into the mastoid, fig. 145, r, and represemts the travhvlo- 
mast Of (lens. On the under part of the vertel)ral centrum are a 
S(n*ies of oblirpic fasciculi, extending and converging in |)airs from 
the diapo])hysis of orui vertebra to the liypa|)opliysis of the second 
oi‘ tliird vertehra in advance. The lonf/ns colli at the fore 
or up|>er part of the spinal column in Mammals and Man is a 
rc])clition of this series; tbe greater extent and de\(*lo|)oment of 
which in Ophidians is indicate<I by tlio number and length of the 
liyi»a[)opliyses, ////, figs. 4fi, 47 : and of the siil)dia|>ophyses, (l\ 
lig. 47 a ; and these are maximised in Crofttlua and Naift ; the 
co-related muscle, having its foremost insertion into the occipital 
hy|>apophvsis, fig. 146, brings down the head in the l)low 
iiitlieted hy the venom-fangs with proportionate foi’ce. 

On removing the seinispinalis dorsi, muscles appear whi(4i pass 
ohllqnely between the transverse and spinous processes, like the 
series called umltijldm s/mtcc in Man. Ileneatli th(‘sc are inter- 
spifwlcs and infcrtransrersalcH. External to the mnltilidus spline 
is a series of lcv(ttorcs costarum hreviores^ fig, 14, ‘1, B, arising 
n\>m the din])Ophyses, and respectively inserted into the rib of 
the succeeding vertehra. At their insertion arise the pretra- 
hnitca cos/ortun, ih. c, which run more obliijucly backward, 
and terminate each in the eighth {JVoio) rib beyond that 
horn wliicb it arose; l)eing attached also to tbe intermediate 
ribs and intercostal fascia;. In Pijthon they are continued on 
to tlie tenth or twelfth rih, lig. 143, d, and these coiitinna- 
tions have l)een described as a distinct series, Eeneath them 
is a shorter series, the prefrahentes hrer tores, ih. e. The retro- 
hrntes costa ntm, fig. 144, 0, arise from the lower ])art of the 
iliapophysis, and ])ass obliquely forward iind outward along the 
internal surface of the ribs to be inserted into the fourth rib in 
advance. Whore these muscles terminate, the fransvcrsalis aMo- 
minis, ib. I), takes its serrated origin ; its fibres descend obliquely 
forward and terminate, with those of the op[)osite side, in the 
Liphe, or medial tendinous line ; which closely adheres to that 
part of the inserted border of the ventral scutes. The retralunitcs 
infcriorcs, ib. Ji, iiitcrdigitate at their origins (in Pythoti) with 

you I. Q 
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those of the transvn'salis ahdiunlnls^ ami pass forward to be 
inserted at the end of the bony part of the fourth rib in advance. 
The niiiscle answering to lh(^ rectus ahdommts^ ib. A, has the 
short rib-cartilages for its intersections, instead of the fibrous 
* linote transversie,’ as in Man, 

The iutercostales, fig. 14:1, F, have their usual position and 
decussating arrangenient in two planes. The squamo^costalcs^ 
tigs. 14o, 1 11, I, r, arise from the ribs near the insertions of the 
(wmAov//;/, l*. : these origins have been detached and the 
muscles rc^llected ; in the figures they pass obliipiely backward, 

and are inserted into 
the skin near the outer 
margins of the ventral 
scutes, 

'file srnfo-rostf/lcs^ fig. 
143, ir 11, rise from the 
fore i^art of the end of 
the ril), and are inserle(l 
into the edge of the 
scute. 

The rntrrscuffilrs, figs. 
113, 144, F, 0, K, are 
in two layers, which 
decussate each other, 
and coop(‘rato with the 
scnlo-costales in alter- 
natidy erecting and de- 
pressing the scutes.* 
The fixed point of oiu* 
series is the ‘ liuea alba,’ 
ib. E; of the other, the 
line of insertion of the 
s<piamo-costah*s, ih, i. 
'^riic co-ordinate elfects 
of the foregoing mus- 
cles of the ribs and 
scutes prod ii ce de te r- 
minate movements, to 
and fiT>, of the ril)S, with alternate erection and depression of the 
broad traiisv(?rse v(vntral scutes. 

The tympano-maiidlbiilar arch has unusual nK)biHty in Ser- 



XX. vol. i. nn. 09-72. 



MYOLOGY OF REPTILES. 


227 


penis : the long tym panic bone, fig. 97, 28 , is suspended by Us 
extremity frein that of* the outstanding mastoid ; and besides the 
movcnieuts of swinging to and fro to tlie extent allowed by the 
loose articulations of the upper jaw, it is affected by the muscles 
tending to divaricate the mandibular rami, as Avell as by a 
niiis(‘Jc directly drawing its lower end outAvard. This latter re- 
peats tluj hvntor tf/mpanici of Fishes, ifg. 24 : but, witli the 
retrograde course of the o}>liidiaii tympanic, its levator lias a 
more posterior origin, viz. from the end of the mastoid, and is 
inserted into the lower, instead of the upper, end of the tympanic. 
To counteract these movements, we find a muscle answering 
to the • depressor tym])ajii’ of Fishes, fig. IIU), 22 , which arises 
from the basi-oi!cipito-sphenoid, fig. lib, />/, and passes trans- 
versely outAvard and backward to the lower caid of the tym- 
jianic anti co-arliculiitcd end of the mandilile: it depresses the 
tympanic and draws it and the articular part of the mandible 
inwards. 

Of the muscles which close the mouth, one, like the muscltii /, 
fig. 1*52, of the Shark, bears analogy to the masseter\ in the 
a))sent*e of a zygoma, it arises from the postfrontal and contiguous 
part of the e(*toplerygoid, fig. 145, c, jiassos backward, Avinding 
round the tympano-iuandibiilar joint, and is inserted into the 
surangnlar and angular, as far forwartl as the dentary. In 
vmioinous snakes its laseial origin spreads over tlio ))o:lson-ljag, 
ib. a. The temj)oralis, 
ib. /, arises 1‘rom the 
side and spine of tlic 
parietal, and descends 
almost vertically, jiartly 
co\ercd by' the mas- 
seter, to be inserted into 
tlie coroiioid jilute. '14ie 
posf-te/nporaliSf ib. f\ 
arises f*rom the fore [lart 
of the mastoid and con- 
tiguous part of the pa- 
rietal, and descending 
in front of the tympiv 

OHi is insei'ted into the coronoid ridge nearer to the joint of the 
lower jaw. 

The ‘ fi/rnpano-rnanililmlaris,' ib. //, whitdi is analogous to the 
digastriciis, or its hinder lielly in Mammals, arises from the back 
part of the tympanic, and is inserted into tliat of the angular 

Q -2 
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process of the mandible. From fascia atlaclicd to the neural 
spiiK^s of some of the jmterior vertebne tlua-e extends a flattened 
muscle, ncnro--tiiaiid}b(iltiri,<^ lii;*. 14o, A which unites with a smaller 
strip iVom fascia connect(‘d with the ril)s oi those vertebra?, 
costo-ma?ifUIrnlan\s, figs. Mo, 147, n, to be inserted into the lower 
border of the mandii)Ie. These muscles depress and retract the 
lower jaw. 

A powi'rfnl muscle, rchrjfh/n/i/ifulcffs^ fig, 14(), A, which in Its 
mandibular relations resembles the external pterygoid, advances 



■Mii.srlf- .iT I Ji.' {•rir;. ■/•(> .'ijiiuiriiHn of Mu? Crofnlna. fXClT. 

forward to the fore? ])ai’t of the ectojRerygoid, and to the back part 
of the maxillary in Jb/finm. In Crotalus it cx|>ands into a fascia, 
a|)read over the [)ouch lodging the venom-fangs, preserving a 
tract of tendinous strength for insertion into the lower part of the 
hinder jirocess of tin? maxillary. It eooj^eratcs w'ith the erector 
of the fang in fixing the. inovt^alde maxilla during the blow, and 
retracts the fang on tiu; relaxation of tlu^ erector. When its fore 
part is the fixed ixiint, the ectopterygoideus spreading its man- 
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(libiiliu* atinclmicut over the articiihir (‘a|)siile to tlie back |>ai t of 
the aiignlar ]»roce,s.s, protracts tlie lower ja w. 

Tlie (mf.opterytjoideHs, tig. 145, /e, Is attached anteriorly to the 
pt(*rygoId bone, ib. 4, whence its fibres [lass outward and back- 
ward to the inner surface of the angular and surangular eleuients, 
covered liy the ecto]>terygoideus. It retracts and divaricates tlie 
jialato-pterygoid jaws, protracts and up|Troxi mates the back parts 
of the mandibular rami. Tlu? fore ]»arts of those liones winch, 
through their loose elastic symphysial connection, yield laterally to 
the pressure o(‘ tln^ prey Avhen seize<l, are brought together, alter 
it is swallowed, by an ///- 
fcrmandihalarh, ansAveri ng 
to 21, fig. 137, in fishes: 
it is shoAvn in fig. 147, 
passing from the end of 
one ranms to that of the 
other, at with a me- 
dian I'ajihe, as in th<* my- 
lohyoideus ; and sending a 
slip c from each attach- 
ment, which expands uj>on 
the inteniiaiidihular inte- 
rnment, restoring and eor- 
riigating it after its groat 
oc<‘asional stretching. In 
this it is aided by a thin 
layer of III)r(\s internal to 
and In elose connection 
with the insertion of tlie 
costomandihn laris ex])osed 
hy the oiitAvard reflection 
of that muscle at fir. 

147, n. 

In Fishes the fore part 
of the levator tympani, fig, 

13(), 22 , is inserted into the 
pterygoid : in Serpents 
the origin of the ansAver- 
Jihlc ])art, prcsplinioid.tn\t/yindvuii, is a<lvancc<l f(»rward to the pre- 
•Sjdieiiold, Avlumee its fibres, fig. llfi, /, [lass outward and backward 
fo their insertion into the pterygoid, i, and ectopterygoid, a, at 
their junction. In protracting the pterygoid it pushes forward 
the maxillary, rotating it oiitAvard in the Constrictors; but, by 
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the modification of the bones pcciilmr to venomous soi’innits, as 
shown at a and 2 , fig. 14(), the muscle rotates the short inaxlllary 
vertically through the e(itopterygoid, so as to bring the veiioin- 
fang from the recumbent to the vertical position ready for the 
blow. 

The presphmopalatine muscle arises from the side of the fore 
j)art of the presphenoid and passes outward to its insertion along 
the inner surface of the palatine. From tiie side of the |)rc- 
sj)hcnold rises the small presplivtto-romvrinc muscle, fig. 14.0, c, 
which sends forward a slender tendon to the half of the divided 
vomer, and through that bone depresses and retracts the pre- 
maxillary, ib. 1 , after the displacement of all the bones of the 
mouth caus(‘d by the engvd piling of the prey. 

The hyoid an'li is reduced to a pair of slender cartilaginous 
ceratohyals, running f’orward, almost ])arallel, fig. 147, n, beneath 
the sheath of th(i filamentary tongue, lieforo their anterior mem- 
liranoiis union. The raj^iie of the muscles c and //, fig. 147, is so 
far attached to the hyoid and lingual sheath, that l)y their con- 
traction they raise the tongue after it has lieen ])nshed rlown : tlie 
fibres of the c()stomandlbularis, attached to the foremost part of 
the iriandilile, through the same ini*dial attachment protract the 
lingual sheath; tlie [)Ostcrior part of the costomaiulibuhu-is can 
retract the lingual sheath, and these actions arc analogous to those 
o* tlie ‘sternohyoid’ and ‘geniohyohr muscles in higher vcrtii- 
hrates. On rcfiecting the costomaridihularis from the ra[)hc out;- 
ward, the (pidoplo^isi are exposed : their antero-median attachment, 
fig. 147, y, is to the raphe of the Intcrmandllmiaris, ; their 
antc'ro-latcral attachment, z", is to the fore end of the mandiliular 
ramus. The muscle formed hy their uiiioii, r, (jxtends hackwanl 
along the lingual sheath to its exlreinity : it is the chief pro- 
triuler of the tongiu'. The r(;tractors, answering to hyof/lossi^ 
ib. A, arise from the liluder ends of the ceratohyals, run forwanl, 
enter the lingual sheath, and seem to coalesce in forming the 
main substanc(j ol'the cyliiHlrical tongue; but they again separate 
to terminate In its forked extremity. The fore part of the trachea 
is closely connected with the lingual slicath, and advances so far 
forward to terminate in the month, as to be subject to the stretch- 
ings and disjilacements of the elastic^, tloor of that cavity. A 
special muscle, (/eniotrachcajh^ fig. 147, ?/, arises from the fore 
end of the mandibular ramus, and passes inward ami backward 
to cx|>aud ui)on tlie sides of the fore jiart of the traebca. The 
pair draw forward the glottis; its retraction is cftcc4ed tlirougli 
tlic medium of the liiigiial sheath and its muscles. 
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There are small modifications of* the muscles »)f the long' anto lor 
outst re tolled rihs of the Cohra, fig. 4fi, /;/, whi(*h sustain the 
peciiriar folds of integument forming tlie cons|)icnou.s ‘liood’of 
that poisonous snake. These ril;s are protracted or raised by the 
Icvatores breviores, and by two sets of |)retrahentes, one jiassing 
over two ribs to the third behind, the others passing over one 
rib to tlui second, and by the intercost ale^ exteiaii. TJu' muscles 
])assing from the lioo<l-ribs to the skin come off about four lines 
from tlie head liy a sliort tendon, the ileshy bahd extending 
between one and two inclics, outward and liaekward to its inser- 
tion into the skin. 

The muscular system of tlie trunk reaches, in Iveptiles, its 
jujiximum in Serpents ; it is reduced to a minimimi in Tortoises : 
yet, where it lias to act on the only movealde [lart of the ^ erti^- 
hral colnnin of these slow and heavy house-bearers, it is specially 
and in some parts largely developed. 

Homology can seldom be determined or dis(?erned, save in a 
general way, in the fleshy jiarls of Chrlonia \ as, e. g., that the 
miiselos upon or about the triink-vcrtebne answer to tliose so situ- 
ated in lower or higher Vertebrates; and that the jirimltive seg- 
mental character of such muscles is still indi(^at(‘d by distinct and 
successive attachments to a consecutive series of bony vsegments, as 
is shown, c. g., in fig. 148, 37, ao, fig. 149, 27. Where a more 
special determination has been attem|)tcd it has nsnally rested on 
a similarity of attachment of one end of a mnsele, with acknowledged 
(liscrejiancy at the otlu'r end; as Avhen Cuvier* compares 27 , fig. 
1 18, to the sdcroln and ns dursi ; and wlnm llojaniis'^ 

gives the latter name to the |)ortions of m \ (M'oinmas at the op|»osite 
side of the baek-bone, (ig. 1 IS, or calls tlui muscle, fig. 1 ..j2, 91 , 
which arises from the |>nl)is, the Hiarns inhrnns. It will be 
understood, therefore, that in aj)plying to the innseles of the I>ox- 
tnrloiso Enropani), the names assigned to them hy the 

author of the exemplary and beautiful nionogra]>h* from which 
tlie illustrations, figs. 148 — lo9, liave lieen eo])ied, they are to be 
taken more or less in an arliitrary sense, and that the eharaeters 
of the muscles mainly exemplify the greater degree in which the 
adajitivc principle prevails ov(*r the arehetypal one in the soft than 
in the hard parts of the iVame. 

On tlie dorsal as})ect of the vertchrie of tlie back, the miisenlar 
SYvStem is restricted to \\\q ^ spinalis dorsi^ fig. 148,39; it riv'^es 
Iroin the neural and beginning of the costal jilates, neural arch 
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" xxxviu. 
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and rib of the scventli to the third dorjsal vertebra iiichisive, 
occupying the iutert<paccs l)etween tliosc parts; it is inserted 
into the neural arch of the bust cervical, and into the post- 
zyga]) 0 })hysis of the next vertebra in advance. 

The scries of muscles called ‘ longus colli,’ ib. 2S, coin- 
mencivs by the broad origin from tlu; luidcr part of the first and 
second costal plates, and is continued by eight narrower slips 
from tlie liypapophyscs of the first dorsal, and seven antecedent 
cervical vertebrae. These fasciculi incline forward and inward, 

overla|)plng each other, to 
be inserted suc(‘i‘ssively 
into the parapo])hyses ol* 
tlie eiglitli and lower part 
of the centrum of tlie ante- 
4 cedent cervicals, witli in- 

ti'rjiosed sesamoids at the 
sixth, fifth, and foiirtli ver- 
tebnc ; the foremost inser- 
tion lieing into tlie basi- 
oc(*ij)ital. 

Six or seven lateral por- 
tions of (‘crvical myo(Nnn- 
inas, (‘alh‘d iiitrrtransrer- 
sarll Cfflli] il). [>ass from 
tlie diti|)oj)hyscs of the 
eighth to the second cervi- 
cals, Mud are ins(‘rte<l along 
with the corres|)onding in- 
sertions of the longus colli 
from the sixth to the ccu- 
tniin of the atlas, or odon- 
toid. The intrrfrdiisrrrsftrU 
ohlhjnl^^ figs. 148, 149, 37 , 

ui rrrvi.-;,l,ri!i.0.r. ii.ii;il vt.-rtO>r:r, ((.>111* StrloS frOlU tllC 

WXVIH. ^ ‘ ^ , 

diapoi>hyscs of the sixth, 
fifth, fourth, and third vertebrie, which jiass forward and down- 
ward to the para[)ophyses of the fourth, third, second, and first 
(•(vrvicals respcf'tively. 44ierc are infrrsjnnalcs between the 
neural spines of the first three cervicals. 

The trunsKcrsuUs ccrc/Vv.s', fig. lol, aa, arises from the j>ost- 
zyga[)oi>hysis of the fifth, fourth, and third cervicals ; these blend 
outwardly, and <letacb inwardly insertions to tlie postzygapO' 
physes of tlie fourth, third, and second cervicals, and into the 
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(liapophvvsivS of tlie atlas: the tendon so inserted is shown at . 53 , 
li^r. 148. 

'^riie compUxm^ fig. 14H, 23 , arises from the dIapophyses of the 
fii-sl three eervicals, and is Inserted into the iniroccipital : in 
fig. loO, the hindmost origin of this mnscle is marked 25 . 

"file nctns arpitis nnlkus lonf/us, fig. 148, 29, arises from the 
hypapophyses of the third and see()ii(h'l5ervicals, and is inserted 
into the side of the h.asioiicipital. Tlni rcctns arpifis nnHcns 
fig. lo2, 30, arises from tlic atlantal hypa])ophysis, and is 
inserted into the hasioe<‘ipital. The rertus cfipitis 'jmfiens major ^ 
fig. 148, 31, arises from the neural spines of the axis and atlas, 
and is insertiul into tin'. |)aroceipital. The revtua rnpitis posflcns 
minor, Ih. 31, arises from the neural areh and diajiophysis of 
the atlas, and is inserted into the base of the exoecipital. 

largest and most reniarkable portions of miiseiilar segments 
of tlie trunk are thosii which arc combi n(‘d to effect the retraction 
l)(*neath tlie carapace of the head and neck. The rdrahais 



siilc \ i('Vi' uf fniiih )MU.->i :iinl ili i-pi r hmIi-iI l-'iitijn L'lnrji.v ii. wwiu. 


(apUia voilhinr^ figs, l it), loO, 27, arises by six lleshy fascimili 
ironi the neural arches and s|)lnes of the eighth to the fifth 
dorsals inclusive ; these pass forward, blending togeth(‘r, and then 
detach four tendinous insertions: of these, the anterior and 
longest, as well as strongest, is into the hasioeeipilal fossa; the 
other three arc into the dia])ophyses of the fourth, fifth, and sixtli 
cervicaliS. It is not ditlicult to sever the part of the great re- 
tractor connected with tlie cervical insertions, as a distinct mnscle 
from that inserti'd into the ueciput. Tlie hirvnirr ccrricis, figs. 
loO, lot, 21 , arises from the neural spines of the fifth, fourth, and 
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third ccrvicals, and insci*t(Ml into the same part ot the occipital 
vertehra. 

Tlie traMomasto'idrus, fio;. lot), arises from the hyi)ai>ophyses 
of the third and secmid cervicals, and ascends oldlqnely to he 
inserted into tlie mastoid. 

The scalmus, fii^. 150, a4, arises from the inner border of the 
lower thrce-foiirtiis ol the scapula ; its iibres emerp;c as it 
advances, and deliver stri])S of insertion to the diapophyses of the 
eiirhth to the second <‘ervical Inclusive, 




vi(.‘W nf iiui.'flfs r»f llu: (fimu, rmil limits htJrojiiii.i. xxxv^iii. 

Tlie fig. 150, 22 , arises from the middle of (he 

inner surface of the cntoslerniini, and is inserted into the mastoid. 

I'lic (fiffpltraf/maffcus, figs. 148, 149, 150, 42 , 42 , arises by thn.'C 
sheets from the bodies of the fifth and tourth dorsals, and from 
the rib of the third dorsal ; the two jiosterior unite to apply thein- 
selves and adhere to the mesial surface of the lung; the third 
swecjis over to the outer surface, 42 , fig. 150, and 42, fig. 151, and 
is rollected from its lower border upon the ])(irlt()nenm. 

The tTfiuHVi^rsalh alHlomhih^ figs. 150, 151, 41, arises along a 
curved lino on the inner surface of the fourth, fifth, sixth, and 
seventh costal plates, extending from the end of the fourth to the 
beginning of the seventh ; also by a scparatxj fasciculus from the 
eighth ril) ; and by three slender tendons from near the cardinal 
border of the liyyiosternal ; it is inserted by a broad tendinous 
she(‘t into the mesial liorder of the same plastral element, wliicli 
is the liomologuo of the abdominal luemapophyses and spine 
receiving the same insertion. 

The ohlifium (•xfernus, fig. 151, 4o, arises from the iniuir si(hi 
of the extremities of the last four costal plates, and adherent 
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marginal ones; it is inserted along a sigmoid line extending from 
[lie postcro-external angle of the liyposternal to the middle of the 
xiphisternal and hya special fasciculus and tendon into the lateral 
proe(‘.ss of the indiivS. 

The IfUissimus fW//, figs. 151, 152, 2i, consists of two [larts ; 
l)oth are attached, above, to aponeuroses connecting tiiein with 
the cervical diapophyses; the fibres -ftf the posterior division, 
ilg. LI 9, 21 a, pass down and ratluT backward, over the muscles of 
the base of the neck, and arc Inserted into the inidlinc of the 

151 



Side \ ir»v <tf siij'crilci.'il nmerlrs nf trunk, lioiid ;nul liinli.s F.nropfn;. xxwiil, 


cpI- and eiito-sternals : the fibres of the hmger anterior jiorliou 
sweep transN'crscly across the lateral and lower jiarts of the neck, 
lig. 152, 21. 

The vj:ti‘Hsi>r cnud(P, fig. 151, 47, inclndos the neui’al ])ortions of 
tile inyocommas of this region from its liase, wliere the foremost 
lias a saerjd. origin, to near the lii). 'I'he flexor aivdcp latenilis, 
II). IS, consists of the lateral parts of the saiin; nuiscular seg- 
ments. Tlui Jh'xor C(ind(R tuft rior is sliown at ib. -lu: the 
niudcp Jundxdis in lig. 150, 5o: the yAaor ctnidtp ohfuratorim in 
ligs, 151 and 15f), 51 . 

The following are iniiseles of the tyinpano-inandibidar arcli. 

The temporalis, figs. 151, 152, i, arises from the parietal and 
‘Superoccipital spines, and is inserted into the eoronoid part of the 
niandiblc. The ptert/ffoideus, 148, 149, 152, 4, arises from 
the outer surface of tlic pterygoid, aiul is inserted into the internal 
tuberosity of the articular element of the niandilde. The apertor 
oris, or digastriens, figs. 150, 15.‘5, a, arises from the mastoid, and 
is inserted into the angular process of the mandible. The dilatator 
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figs. 148, 149, 1, arises Irojii the uiastoid, arul is inserted 
into the postero-inferior angle of tlie tyin|)anic and into the begin- 
ning of the eiistachian tnbe. 

Tbe following arc mnscles of the hyoidean arch and appen- 
dages. Tlie mijlohyoideusy fig. lo:!, la, extends transversely between 
the mandibular rami, and is attached to the liyoid by its median 

1.V2 



raping Tluj owolu/oulrns, figs. loO, Io2, I4, arises from the 
coracoid, and is inserted into tb.e basi-, eerato-, and tliyro-liyals. 
\\u) yen}uhyni(l(ms^\v^^ lot), 152, ir», lo, arises f rom the back part 
of the symphysis mandibida*; is nnited to its fellow as far back 
as the basihyal, and there diverg(\s to its insertiem ijito the cera- 
tohyal. I he liyof/uyailans, fig, 150, i6, arises from the articular 
element and is inserted into the eeratohyal. The (jenlofjhhssut:, 
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fig. 152, 17 , arises from tlie dentary and is inserted into the outer 
angle of the liasihyal and into its triangular appendage. Tlie 
liyoglossus, fig. 151, 18 , )>asscs IVoin the hasihyal aiul its a])pendage 
to the ceratoliyal, which it covers on the left side of fig. 152. 

Tliti proper inu.selos of the scapular arch are very few, by 




mL 












Mu.sflos of trimk aii<l MiiiV'.s from l»fbov, Kinys Knropo.n. .\xxviir. 


reason of its fixity, although it gives origin to many which act 
upon other more moveahlo parts. 

The svhdavius, fig. M8, 50, arises from the under part of the 
first costal plate, and is inserted into the suprasca|)iila and con- 
tiguous part of the scapula. The svrratus mayuus^ fig. 152, 75, 


238 


ANATOMY OF VERTEBRATES. 


fig. 153, 57, arises from part of the outer margins of tlie first and 
second costal plates and from the same margin ot tlie cardinal 
process of the hyosternal and contiguous part of tlie hyposternal ; 
it is inserted into the upper siiriace»of the coracoid. Tlie latis-> 
simus dorsi, fig. 152, 58 , arises from the inner surface of the iirst, 
costal plate, ami Is inserted into the neck oi the Inimcrus. The 
ddtoidf'Sy fig. 153, co, arises by three heails ; one, ib. nor/, from the 
inner surface of the onto- and epi-sternals ; another, ib. go 5, Irom 
the clavicular process of the scapula;- and the third from the 
angle betNveen that process and the body of tlie scapula : it is 
inserted into the lesser tiil)erosity of the humerus. The vlariculo-^ 
bravlilalh^ fig. 152, Gi, arises from the clavicle, and is inserted into 
the outer tidajrnsity of the hurncrus. The mhcoracoidaia, lig. 153, 
O'j, arises from the under surtacc of the cora(*(>id, and is inserted 
into the inner tuherosity of the liumerus. The sirpmvraroif/ef/r, 
figs. 151, 152, G4, arises from the upper surface of the coracoid, 
and is inserted into the enter tid)erosity of the liumerus. The 
teres fig, 152, 05 , arises from the posterior border of the 

coracoid and is inserted into the pit between the hmneral lulierosi- 
ties, with an attaelmieiit to tlm capsule of the shonld<?r-joint. 
The triceps br/nhii, tigs, 152, 153, Go ai‘i.s('S from a))ov(‘. tlie 
glenoid margin of the scapula, 65//, and from the hiinierns, 65/;: 
it is inserted into the olecranon. The biceps brarltH^ fig. 153, gg, 
arises from the back part of the coracoid, cr/' : it is ins(n*te(l, 
with the hrachialis internus, into the ulna, and by a slender tendon, 
GG//, into the radius. The brachudis interims^ fig. 152, 67, 
arises from the inner tuberosity and concave surface of th(^ 
humerus ami is inserted into the proximal ends of both the radius 
and ulna. The pidmaris, figs. 150, 153, g 8, arises from the outer 
condyle of the liumerus, and is inserted into the pnlmar aponeu- 
rosis. ^X\\e fie. t:or suhlimis, figs. 151, 153,69, arises from the outer 
(iondyle of the humerus and is inserted into the metacarpal of the 
fifth iligit and into the tendon of the nlnaris internus. Tdxejicxor 
prnf/mdus, figs. 150, 151, 7o, arises from the c.oncave side of the 
ulna, and is lnsertc<l into an ajioueiirosis s])lilting into five tendons 
for the last phalanges of the five digits. The pronator teres arises 
from the outer condyle of the humerus : its insertion, shown in 
fig. 154, 71, is into the radial side of the carpus, with that of the 
pronator quadrat us, ib. 72. The idnaris internus, figs. 151, 153, 

73, arises from the tubercle aliovc the outer angle of the humerus, 
and is inserted into the ulnar side of tlie carjius and contiguous 
end of the fifth metacarpal. The ulnaris exfernus, figs. 151, 152, 

74, arises from the tubercle above the inner condyle of tlie 
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hnmerus, and is inserted into the carpus near the ulna. The 
radialls intenms, fig. 1/54, 75 , arises from tlie tuherosity above the 
outiir condyle of the humerus, and is inserteil into the distal end 
oi‘ the radius. The radiaHs (xternvs hnujm^ 
fig. 1.52, 76, arises from the tuberosity al)ove 
the internal humeral condyle, and is inserted 
into the radial margin of the carpHS; the 
muscle converging towards 76, in the same 
ligiiro, is the radmlU rnternus. The radudh 
vxUniua fig. 150, 77, arises from the 

tuberosity above the internal humeral condyle, 
and is inserted into tiie back of the car] ms. 

The mfyinator louf/ifs^ figs. 152, 158, 78, arlKses 
above the internal Immeral condyle, and is in- 
serted into the radial side bf the carpus and 
tlie same border of tlie radius. The su pwa f(tr 

hrf^ris, lig. 152, 7 i», arises Irom the lubende 
above* the inner humeral condyle, and is in- 
serted into the l)ack of tlie radius. Tlie e.r/ewsvyr Mn-rksMC cmh- tmoi, /;:»»?/ 

... ^ 1 h'linmiru. x.WViM. 

(‘ommnnis d.UjdnrH.m^ fig. 151, 80, arises from the 
tuherosity ahovt^ tli(‘. inner liumeral condyle, and ivS inserted into 
llie five metacarpals. ddie extensor proprius poUieis^ fig. 150, 81, 
arises from the ulna, and is insertc<l into the meta(‘arj)al of the 
])ollex. The extensor j)roprius dipltl inlnunt^ fig. 152, 82, arises 
iron) the ulnar side of tl )0 carpus and is inserted into the incta- 
cai’pal and first j)halanx of the fifth digit. The extensores breves 
db/itnrn.rn^ figs, 151, 158, sa, aidse from tlie back ol‘ tins car]>us 
and metacarjuis, and are inserted into the distal jdialnngcs. The 
(did net or /wftiris, lig. 158, 84, arises from the 155 



inner side of the ear|)us, and is inserti’d into 
till! first ]dialanx of the jiollex. The Jiexores 
hreres (liffitorum, fig. 158, 88, arise from tlie 
palmar sesamoids atnl fascia, and arc Inserted 
into the jdiahinges. '^^flicre are also, interossei, 
both external and internal ; the latter arc shown 
nt 90 , figs, 151 and 155. The addnetores dbji- 
ioTum^ fig. 155, 86, are limited to the first, 
second, and third fingers, to the metacarpals of 
which the muscles incline, radiad, from the 
second row of carpal s. 

The following arc the muscles of the pelvic 
arch and limb : — 



Musrl('s of 

Evnia Ent'oiui'it. xxxvii 


The attraluns jndvhn^ figs. 150, 158, 48, arises from contiguous 
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parts of the hypo- and xi])lii-stevnals, and is inserted into the 
outer process ot‘ the pubis. The Mm hens pdvim^ ib. 44, arisi?s 
from tlie posterior half ol‘ the xiphisternal, and has a similar in- 
sertion. iNlore direct retractors of 
the pelvis are the ninsele (‘ailed 
flexor cau(h(‘ ohtnratorius^ Avhitdi 
arises from the caudal hieinapo- 
physes, and is inserted into the 
front border of the ol)tnrator 
foramen ; and the flexor amda' 
isvhimliens^ ib. 52 , with a similar 
origin, but inserted into the ischial 
symphysis. The per Hums ( i I iacu s 
internus, figs. loO, 1.52, l;3.*b^n, arises from the n])])<ir snrl'ace 
and outer j)roeess of the pubis, and Inserted into the inner tr<»- 
chanter of the femur. Its insertion receives also a small biscieutus 
from the ninth dorsal centrum, and the tenth pleurapo])hysis, which 
mav n‘])rosent the psoas. A pluHeus^ figs. 150, 151 , 93 , arises* from 
the ninth and tenth pleurapophyses, and Irom the ilium. A second 
f/lntfens^ figs. 150, 151, 152, 94, arises from the sa(‘ral and anterior 
caudal pIeura])Ophyses. Both arc inserted into the outer trochanter, 
together with a faseiculus, representing an ohfHra/urins, from the 
inner surface of the ol)turator fascia, and from tln^ ischial sym|)hysis. 
The triceps adduetoi\\\^ii. 152, 153, arises from the inferior sur- 
face of the pubis, and is inserted into the inner trochanter, crossed 
by the ischio-pubic ligament. The f^nadratusy fig. 152, as, arises 
from the tuber ischii, and is inserted into the back intersj)acc of 
the trochanters. The reefas femorisy fig. 151, 99, arises by a bifid 
tendon from the upi)er end of the ilium, and is insertcMl, with tlu> 
vast ns externusy fig. 150, loo, vnstns udernnsy fig. 151, ini, crunrnSy 
fig. 152, 102 , and sartorins, fig. 153, ion, into the (ore-jiart of tin; 
head of the tibia. The sendteudlnosusy figs. 150, 152, io4, has 
three origins, one from the back part of the ui)por end of the 
ilium and contiguous ]>art of the sacruin, a second Irom the tuber 
ischia, a tliird from the back j)art of the ischial symphysis ; they 
join a common tendon which piasses behind the knee-joint, and 
then bifurcates to be inserted into the outer j»roximal tuberosity 
of the tibia, and into the gastrocnemius, ii4/>. The semimem- 
hranmusy fig. 153, i(i5, has two origins, one, 105 r/, from the first 
caudal vertebra; the other, 105 Z», from the tuber ischii and ischio- 
pubic ligament. It is inserted into tbe up|)er part of the tibia. 
The fig. 153, 107 , arises from the middle of ischiopul>i<' 
ligament, and is inserted into the upper and outer part of the 
tibia. The extensor conunintis dujiforumy fig. 151, 108 , arises from 
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the ridge anterior to the outer femoral condyle, and is inscirtod 
into tlie distal ))luilanx of tlic hallux and into the jiroximal phalanges 
of the other toes. The tihialis anllcas, figs. 150, 153, loo, arises 
iVoiii tlie aiitero-intcriial margin of the tibia, and Is inserted into 
the tibial side of* the tarsus and first metatarsal. The 
Yig. 151, 10 , arises from the fore part of tlu; fibula, and is inserted 
into the cuboid, and fourth and fi fth -irti e tat ar sals. The dupt- 

(xtcnmrcs hr(‘ces^ figs. 149, 151, ill, arise from the dorsal asjiect 
of tlie s(.‘coih 1 row of tarsals, metatarsals, and proximal [ihalanges, 
and are inserted into the ungual phalanges. The i xtenstyr proprtus 
hidlucis^ figs. 152, 153, 112 , arises from the lower end of the 
fibula, and is inserted by a bifuiTate tendon into the sides of the 
first jfiialanx of the hallux. The abductor lialh/cis arises from the 
tendon of the tibinlfs antlcns^ ami from the first metatarsal, and is 
ins(')*ted into the base of the proximal ])halanx of the hallux. 
The tjastrocunnuiSy figs. 151, 153, 114 , has two heads, one, ii4^/, 
from tlio outer femoral eondylo; the other, lu 5, from tin* outer 
inargiM of the tibia, and this receives also the tendon from the 
.'r('mitendinosiis: it is inserted into the cahraneuin and exjianded 
metatarsal of the liftli digit, and is continued into the ]>1antar 
fascia. 'Hie jdanfarls^ fig. 153, U5, arises above tln‘. outer femoral 
condyle, and <*oalesocs with the Wcw.s*, fig. 152, lie, and the dif/ifi- 
flexor batf/us^ 117 , to terminate in a common n|)onoiirosis, attached 
to both sides of the tarsus, and dividing, as in (ig. 1,3*7, ii7, to lie 
inseu’ted into the ungual jihalanges. The daf/fi/lcj'orcs brerrs^ 
fig. 157, iis, are four in lunuber, arise from the tarsus, and are 
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niserted into the sides of the middle ])luilanx, and by a slender 
tendon into the ungual ])lialanx, of the four outer toes. The 
fdnalis posticus^ figs. 152, 158, ii9, arises from the inner and baidv 
]>art of the fibula, ami expands into an aponeurosis, inclmling a 
f^esamoid, Avhich divides to be inserted into the second rew of 
tarsals, and the inetatarsals of the hallux and fiftli digits. 'The 

VOL. I. u 
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mterossnfs crvris, fiiij. 158 . 120, extenils obUtiriely between tlio 
o{)posite margins of* (lie leg-l)oiies. The InUrossvl diyiturum 
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(hraaha^ ai’C shoNrn at 12?, jukI those of the plantar snrflice at m, 
fig. 158, 

Tlu‘. highest faculty of tervestrial loconiorjon in the reptilian 
class, i;s inaiiiiested l)V the snllatory hatrachians. 

In the hind limb <1!’ the frog (hen^ is a muscle which extend^ 
from tlic diaix^physis of tlu* third vertebra to the ilium, which it 
tends to pn»tra(‘t, ami {icting* iVoiri which it may slightly btmd the 
back. The vctof/lfftnis receives an a(‘C(\ssi>ry strip from tlic 
('occygeal style. The mestHflKh^na is a strong miiside. The mh>- 
fflKtrus and iliactfs arc nnited. ddie oh/ffrtftnr vxt^ rnns has a semi- 
circular form. TIui f/ifftdn/ff/s' fffworis is in two strata. Tlun'c 
are two fircfuixi and tour adilnrfitrcs Ivtnarfs. d'h(.‘ crAv/.ver cruris 
cc.nsists of a vastm^ inh^ntas and a rttsf/fs rxirritnn with a coalcscctl 
crura: i(s\ there is no rcctns fciuoris. TlieyA./nc cruris has hnl 
one hoa<l or origin from tlie lowt.^r ami hack part of the ilium, 
^.riie sf'uiitr/ffJiuosus has 1 ,w<» heads, one from the foiai part, tin: 
oth(w from the Ijack ])art of the is(*luo-|)iihic symphysis. I'lic 
snuiutcuihrannsus ami (jnicUls have the usual attachmeiils. I'hc 
snrturius rescmhles the rectus in its position ami course in Iroiit ol’ 
the thigh: it is united to the tensor fuse iw. luUc, The gaslro- 
enemius is represented hy its external moiety, whleh is so large as 
to give the appearance of a ealf Mo the leg: its tendon glide's 
behind the tihio- tarsal joint, and expands as it descends .along 
the tarsal segment into a jdantar fiiscia. The filnalis autkns 
arises by a strong tendon from the fcaniir, and divides at tlic 
middle of the tibia into a faseiele inserted into the astraualus, and 
a second inserted into the ealcaneum ; in both at the proximal 
end. A criiro-tihialls rises from the lower end of tlie femur, ami 
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is jiisertecl Into the fi>re i)art of tlic lower tlirce-foiirths of the 
tibia. The tihinlh posticus^ with the usual origin, is inserted into 
the awstragalus, tig. 44, a. A peroiicus arises from tlie (.niter 
femoral (•oiulyle, and front the outer side of tlie leg-hone; its 
tendon l)i(Vir(*atc8, one part being attaelunl to the outer malleolns, 
the other to the base of the ealeaneuTn, ih. (h An rxlf inior lonr/its 
dipitonnn arises from the outer iualleolH<, passes helwc'e.n tl»e two 
portions of the tibialis antic.ais, and, after sending an insertion to 
tl)(^ astragalus, is contimied to the three middle toes. The 
i'.vffusor hrrvAa arises from the whole length of the ealeanenm, and 
divides into six ]mrts, an external to ihe metatarsal of the Jialliix, 
an internal to that of the minimus, and the intenm'dlate four to 
the ]>]ialaiiges of the lour outer toes; these unite with the tendons 
id intrrossci erifm//, to which might he reh'rred the (‘xf(‘nsor of tlie 
lialliix. lloth tins toe and the oiit(‘nnost have their abductors 
i()r spreading the web. I'here is also an abductor of the enio- 
rmieilorm, fig. 44, c/, which n^semhles a small accessory digit. 
The plantar a])oiu‘nrosis, which receives a Meshy fascicle from the 
tihio-tarsal capsule, gives origin to a mnsele insert(?d into tlu' 
whole length of the astragalus, divides into six fa.sci(.‘les, whhrh 
(orm sheatlis l‘or tlui Mexor tendons, two of which belong to tlio 
fourth toe; and, finally, is resolved into three tendons, of wliieli 
two go to tlu' liith toe, and one to the fourth. 4'lie //c./v;;- lo/u/ns 
(li<jiUynun ailses from the tihio-tarsal cajisule, and is ex])ended 
upon tin; thr(*e outer toes. The several ins(U‘tions of the fore- 
going digital ih'xors give one tendon for the ungual phalanx, and 
two for the otlier ]>halarig(^‘^. 

§ 4S. l.oaniHftion. of F/slies . — ITitherto tlie osteology and mvo- 
logy of the (‘old-l)looded Vertebrates have been consideri'd chiefly 
Iroiii M homologieal }M)int of view. I have ainmd at relieving the 
dryness of deseri])tive detail, and at conno(*ting the mnhiilirious 
parfi(.*ulars of this dilHcult part of C'om]»aralive Anatomy in 
natural order, so as to lie easily retained in tlie memory, by 
referring to tlie relations which the bones and muscles of Fishes 
and lleptiles liear to the general plan of vertebrate m*ganisation, 
and by indicating their analogies to transitory states of stnicture 
ni the embryo of higher animals, and to those answerable con- 
ditions of the mature skeleton Avhicl), in longer lapse of time, 
bave su(M*-essively prevailed and passed awuiy in the gimerations 
nl sjiecies that have left recognisable remains in the sniierlmposed 
^’trata of the earth’s crust. 

io determine the parts of the vertebrate structure whieli wre 
Idlest constant — »to trace their general, serlMl, and special homo- 
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logics, under all tlic various modifications by wliicli they are 
adapted to the sevcn^al modes and s])heres and grades of existence 
ol‘ the diflerent siiecies — shonhl be the great aim of anatomical 
scieni.‘e ; as beiinr that which reduces its facts to the most natural 
order, and their ex])Osition to the simplest expressions. 

It is impossihle, in pursuing the recjuisite comparison u|)war(l 
through the higlier organised classes, not to recognise resemblances 
between tlu^ ultimate slates and forms of icbthyic organs, and the 
transitory eomlition of the same parts, in the higher species. 
But these resemldances have been sometimes ovi'i’stated, or pre- 
sented under uii<[ua]liied metaj)horIeaI cxj)ressions, calculated to 
mislead the student and to ohstrm-t the attainment of eom))l(‘to 
eoneeptions of their nature. We slamld lose nn)st valuable fruits 
of anatomical study Averc we to limit th(‘ application of its facts 
to the eliieidation ol‘ the unity of the vt‘rtebrate ty])e of organi- 
sation, or if we were to rest satisfied with the (l(>.te<*tion of tla^ 
analogies between the embryos of liigher and tlie ailnlts of lower 
s])eeios in the scale of Ixfing. We must go further, aiid in a 
different direction, to gain a view of th(i frnltiul physiifiogieul 
})rin(*iple ol* the relation of each ada])tation to its appropriate 
funetion, if we would avoid the danger of resting in speeidations 
on the mode of op(n’ation of d(‘i*ivarive secondary eanses, and of 
bliiidinu: the mental vision to the manifestations of I)esif»'ii which 
the various tbiins of the Animal Creation offer to our contein- 
platioi^. 

To revert, then, to the skeleton of Fishes, with a view to the 
teleologi(\al application of the fa<*ls detennimMi by the study ot 
this complex modification of the animal framework. No doubt 
there is analogy between the (‘artilagiiuuis state of the endn- 
sk(*leton of Cuvier's C‘hondro])tervgjans, ajid that of the same, 
part in the embryos of air-hreathing Wn-tehrales ; but why tlie 
gristly skeleton should he, as it commonly has Ijceii |)ronounced to 
be, absolutely or teleologically inferior to the hony one is not so 
ol>vious. I'he ordinary course of age, deerepitnde, and decay ol 
the living body is associated with a ])rogres8ivc aeeumulation oi 
earthy and inorganic ])articles, gradually iinjicding and stiffening 
the movements, and finally stopping the play of the vital machine. 
And I know not why a flexible vastmlar animal siihstanec should 
be su])posed to l)e raised in the histological scale heeause it has 
l)ecomc impregnated, and as it wei*e jxjtrilied, by the ahuiKlant 
intus-susception o(* earthy salts in its areolar tissue. It is perfectly 
intelligible that this accelerated progress to tlie inorganic state 
may be requisite for some special office of such' calcified [larts in 
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tlic individual economy; Imt not, therefore, that it is an absolute 
elevation of such parts in the series of animal tissues. 

It has been deenuHl no mean result of Comparative Anatomy 
to have pointed out the analogy between tlie shark’s skeleton and 
that of the human cml)ryo, in their histological coiiditioris ; and 
no doubt it is a very interesting one. JUit the perception of 
such analogy is not incompatible with the endeavour to gain 
insight into the j)urpose of the Cremator, in so arnNsting the ordi- 
nary course of osteogeny in the highly organised fish. No law of 
liuuian intelligence condemns it to restrict its c jgnizance of’ the 
phenomenon, as solely those of an unfinished, Incomplete stage of 
ail hypothetical serial dev elopement of organic forms. 

Tlie ju'cdaceons Sharks arc the most active and vigorous of‘ 
fishes; like birds of iirey, they soar, as it were, in tlie iijiper 
regions of their atmos[)lu‘re, and, without any aid from a modified 
rcs|>iratory ap])aratus, d('voi<l of an air-ldadder, they hahltnally 
innintain themselvi'S near the surface of the sea, by the action of 
their large and mns(*ular fins. Tlic gristly skedeton is in pro- 
spective harmony with this mode and sphere of life, and we sliall 
sMl)se(|nently find as vvell-markerl modlticallons of the digestive 
{ 111(1 other systems of the shark, by which the body is rendered as 
light, and the space which encroaches on the muscular system as 
small, as miglit he conipatilile with those actiojis. Besides, light- 
ness, toughness, and elaslicity arc the qualities of tlie skeleton 
most essential to the shark: to yield to the contraetlon of the 
lateral intleetors, and aid In the recoil, are the f’unetions which the 
spine is mainly required to fulfil in the act of lo(‘omotion, and to 
which its alternating elastic balls of fluid, and semi-ossified bi- 
('oncjivc vertebne, so admirably adajit it. To have had their entirii 
skeleton eonsoli(lated and loaded with eartliy matter would liavc 
proved an enemubranee altogether at variance with the offices 
which the Sharks are appointeil to fulfil in the economy of’ the 
greiit deet). 

I sus[)eet that those who see in a. modification of the skeleton, 
so beautifully adaiited to the exigencies of the highest organised 
of fislies, nothing more, than a foreshowing of llu*. cartilaginous 
condition of the reptilian embryo in an enormous tadjiole, arrested 
at an incomplete stage of typic:il develoiieinent, have been misled 
hy the common name given to the Plagiostomons fislies. The 
aiiiinal basis of the shark’s skeleton is not cartilage ; it is not that 
consolidated jelly which hmms the basis of the bones of liigber 
Vertebrates: it has more reseinblanee lo muens; it requires 1000 
limes its weight of boiling water for its solution, and is neither 
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|>recipltated by infusion of galls, nor yields any gelatine upon 
evaporation. 

In like manner the modifications of the dermal skeleton of 
fishes liave been viewed too exclusively in a retrospective relation 
with the prevalent cliaracter of the skeleton of the Invertebrate 
animals. Doubtless it is in the lowest class of Vertebrata that 
the examples of great and excdusivo developcment of the exo- 
skeleton are most numerous; but some anatomists, in their zeal 
to trace the serial |>n)gression of animal forms, seem to havii lost 
sight of all the vertebrate Instances of tlie bony derimil skeleton, 
exce])t those juTsented by the ganoid ami placold fisht‘s. He 
must have sunk to the low coma'ption (hat nature had been 
limited to a certain allowance of the salts of lime in the ibrmation 
ol’ each animafs skeleton, who could affirm that in the higher 
Vertebrata ^ the internal articulated skeleton takes all the earthy 
matter for its consolidation,’^ forgetting' that the bulky (Jly|»todon, 
and its diminutive eongeners the Armadillos, have their internal 
skeleton as fully develo])cd and as comph^tely ossifiiMl as iii any 
other mammal. The organising energies which ])erlect and 
strengthen the osseous internal skideiun do not destroy nor in 
any degree diminish the tendency to (*alcarooiis d(*|)ositions on the 
surface, when the habits ami sphere of life of the warm-blooded 
<iMadru[)od recpiire a strong defensive (?overing from that source. 
Xivitlier do we find in the cold-blooded series that the (uidn- 
skeleton of the alligatm* or seclidosaur was eonsolidatetl by a 
minor amount of carthv matter than that of tlui iiakecl fro<>‘ or 
horn-sealed lizard. 

^fhe imvmcnt that the observations of the naturalist liring ti> 
light the mode of life of any of those lishes wlilcli are saiil to 
retain an nniisiial proportion of the external sliell of the Inverte- 
brata, we are In a eonditiun to appreciate the adaptation of tliat 
external defensive covering to sueli modi* of life. The Stiirgomis, 
ibr examf>ie, were designed to bo the scavengers of the great 
rivers; they swim low, grovel along the bottom, feeiling, in 
shoals, on the dee<)m posing animal and vcgetal)le sniistanccs 
which are hurried down with the debris of the continents drained 
hy those rapid currents; thus they are ever busied reconverting 
the snbstanees, which otherwise would tend to corrupt the ocean, 
into living organised matter. These fishes are, thercfljrc, duly 
weight(‘d by a ballast of dense dermal osseous plates, not scattered 
at random over their surface, but regularly arranged, as the 
seaman knows how ballast should be, in orderly series along the 

^ xxvii. p. 527. 
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midtllc and at the sides of the body. The protection against the 
water-logged timber and stones hurried along their feeding 
oronnds, which the sturgeons derive from tlieir scal(;-arinonr, 
rciiders needless the ossificaition <)i‘ the cartilaginous case of the 
brain or other [larts of the endoskcleton ; and the weight of the 
firinoiir reipiires that cndoskeleton to be kept as llglit as may be 
compatible with its elastic ]n*operty and other fiim^tions. The 
sturgeons are further adjusted to their ])la<‘e in the liquid ehiinent, 
and endowed with the power of changing their position and rising 
tt) the surface, hy a large air-bladder. 

These teleological interpretations of the dermal bony ])lates 
may give some insiglit into the habits and conditions of existence 
of those (Janoid and lieavily-|)rotected Placoid Fishes ^vhi(^h so 
])n‘donilnated in tlie earlier |)eriods of animal life in oiir jilaiiet, 
wliich (Janoids ami lMa(‘oids have hitberto been viewed almost 
(‘xclusively l.>v llie light of th(‘ analogy nf an emlxryonui ‘ Age of 
Fislies,’ or explained as arn‘sted stages in the transmutation of 
(/rnstacca. I long ago demonstrated that both placoid plates and 
ganoid scales, in the extinct as well as existing 

{Lrjudosteas) fishes, dilfered from the siqierlicial shells of the 
Invertebrata- in iiresentiug the same organisation I’or growth and 
r(‘palr, the same essential mi<*n)SCopic stnietnre, as the ossified 
parts of the endoskel(.‘tori which tlu*y serve to protect. 

IMie (^/cctisf.cifs, fig. 127, of the Old lied JSandstoiie, like the 
Pinidodna of’ the (Janges, had a half suit of such organised 
armour; and, as Hugh Miller^ suggests, tlur habits of the modern 
sheat-fish may Iiav(i been foreshown in [irinieval times by the 
placoganoid, luirving the iindel’euded j^art of its liody in th(j mud, 
and ex|)Osing only its lu'lm and cuirass, tn arrest, as they passed, 
the smaller animals on which it preyed. 

Nevertheless, ilu* degree in wliich the exoskcleton predommatos 
over tlie endoskeletoii as we penetrate into past time, descending 
Into the fossil iferons strata of the earth for ovldeiice of ancient 
lilb, is highly interesting and suggestive. 

At the present ilay only two lepidoganoid gciu'ra of fishes are 

known - -the J.qddoafr.f/s of North America, .and the Poh/ptanis of 

Africa - both restricted to fresh waters. Other existing fishes of 
cognate organisation {Anda^ Stfdis^ have soluble and flexible 
■scales. As we descend to th(3 older tertiary beds the number of 
Fe[)idoganoids increases, their geographical relations expand, and 
their sphere of life embraces the salt waters of tlie ocean. At 
the present day tlie placoganoid and [ilacoid, or plagiostomous, 

' V. p. 14. Axvn. p. 337. ^ cxcvi. p. 288. 
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fishes, form a small minority of the class. In the chalk forma- 
tions the numher of the species of I*lacoi(ls and (Jniioids ra])idly 
incn^asos, and soon prc]H)nderatcs ; in all the older fossllit'erous 
strata they exclusively rej)resent the class of Fishes. The ])re- 
dominance of osseous matter deposited in the te^umentary system 
in these ancient extinct Fishes is not uidVe(|iieutly accoinpanied 
l.>y indications of a semi-cartilaeiinous state of tlie endoskeh^ton, 
like that in the Le|fidosiren of the present day; the total absence 
of any trace of vertebral centres, and the vacant tract, where they 
shoidd have becTi, between the l)ases of th(‘ mmr- and Ineni- 
apophyses wlilch have been little <listurbed, as in 1^7, show 
plainly einnigli that the ]>rimitlve gelatinous notochord has been 
|)ersistent.' In not one of the extinct Fishes oi‘ tlio Devonian 
and Silurian systems has a vertebral centrum been discovered; 
Init tlie enamelled dermal osseous scales and plates arc ricbly 
<leveloped, and most nMnarkable l*or th(‘ir Iieantiful and varie<l 
external seidpturing, and often for tlu‘ir great size. 

In the mesozoic strata ganoid species exbiliit a |)rogrcssive 
ex[)anse and downward growth of tlie neura[>opliyses, converting 
the notochordal caj)Sulo into distinct bony seg’inents; the terminal 
cups of hone are subserjucntly ailded, and tlie cenlrnin is comjdeted. 

At the presemt day the liCpidosiren re]>eats the notochordal con- 
dition of tlie cndoskcletoii, hut without the compensatiiig ganoid or 
placoid developements of the skin ; and the Slieat-lishes ( *SV////7VAc) 
combine the large tuborcnlatcd osseous dermal [)lates with a well 
ossified internal skeleton. The existing sturgi*ons alone manilest 
contrasted comlltlons of the endo- and exo-skeletons, like those in 
the ancient plncoganoids ; but wliat is now a rare and (‘xeeptional 
instance of ;inalogy to the testaceous and erustnceous Inv(n*te- 
brates was the rule in the first-born fishes of our glob<‘. 
d hose fishes, wliich from the iletennination of the ossifying 
(‘nei'gies to the endoskeleton have been termed 7VVmsYc?', consti- 
tute the bulk of the tertiary and existing syieeies of this class. 
lUit gradations of endoskidetal ossification arc still imlicab-d. 
A great i)r()j>ortion of the ])rimitivc cartilage is retained in tlui 
skull of many of the Teleostei, the Salmon and I^ike, for example; 
and the greater proportion of the animal to tJio earthy matter in 
all the hones, their coarse texture, the radiating fibres of the flat 
cranial bones, and the general absence of deiitated sutures, are 
(characters in all Osseous Fishes, which remind the Antliropotomist 
of transitional ones in the human fmtus; hut the light of telco- 

• Soo niso the I>raiitifu] illnstratirm of this fact in the Mkrodu^ nufiafus. No. 620, 
of the Hiiiiteriiiri Series of Fossil Fishes in the Museum of the London College of 
Surgeons; cxciii. p. 155. 
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logy clenionstratcs tbe perfection of sncli conditions, in relation to 
the Jitmosplierc and niovements of the Fisli. It is generally in 
fWish-water abdominal Fishes that the seini-osscons corulition of 
the skull is found, and the diiniinition oi’ the quantity oi* heavy 
e.'krthy particles may be connected with the less dense quality of 
tlieir medium, as com|)ared with sea-water, and witli the. usually 
more posl(M*ior position of the ventral fins. 

In lh(‘ i’orm of a iish, the head is disproportionately large, as it 
is in the mainmaliaii (‘itibryo. But tlie head of a fisli must needs be 
large to meet and overcome the resistance (d* the fluid, in the 
mode most favourable for raphl progression : it must tluu’efore 
grow with the growth of the fish. lienee the large cranial l.)ones 
always show the radiating osseous spicuhe in tlicir ch‘ar (*ircum- 
fia-encis wliich is the active seat d’ growth ; hence the number of 
ov(‘rla|)j)ing squamous sutures, which least oppose the progressive 
extension of the bonCvS, The cranial cavity expands with the 
expansion of the lu'ad : the a[)sorbents remove from within as the 
arteries build up irom without; but the brain und(‘rgoes no eor- 
respondlng increase ; it lies at the bottom of its eapa(*ions elnunber, 
which is principally oeenjfied hy a loose eellnlar tissue, situated, 
lik(‘ tlie araelrnoid, l)(‘tw(Mm the pia mater and the dura mater, and 
liaviiig its cells iilled with an oily fluid, or vsometimes, as in the 
Sturgeon, l)y a eom)>a(*t fat.' Now, this eo)u1ition of the en- 
velo[K‘.s of‘ the l)raiu is not ojily, like the fibrous tissue and 
Sfpiamous sutures of tlie ever-growing cranial hones, related to 
the requisite proportions of the fore-part of the fish for facilita- 
ting its ])rogrcs.slvc motion, but it is one wbicb no embryo of a 
higher animal ever presents: it is as peculiarly plselue, as it is 
<‘X])rcss!y adapted to the exigencies of the fish. 

1 1 has l)eeii held that conllnenco of distinct bones is a eonsc(|nence 
of high circulating and respiratory energies ; yet the anehyloses 
of the siiperoein|)itaI, paridal, and frontal above the eraniuin, and 
of the basi-oeeipital, basi-s])henoid, and pre-splienold lielow tlie 
cranium, in Lepidthsi/rn, and the constant eonfiuenee of the basi- 
iind pve-spbenoids in all bony fislies, dls})rove the constancy of the 
‘‘^ujiposed relationship, and lead us to look for other explanations 
of such coalescence of |)rimitivcly or essentially distinet bones. 
We sliall find a final (jaiise for the rapid consolidation and union 
<1 the elongated bodies of the two muldle cranial vertebrie of 
r ishes in the necessity for strength in the liasls of that ])avt of 
die skull, from the sides of wliieli tlie large and heavy mandibular 
and liyoid ardies and their appendages arc to be suspended, and 

* xxui. t. i. p, 309, 
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to swing froely to and fro. The ])osterior an^l anterior sphenoids 
eontiniie distinct bones in all Manmials during a period of li(e at 
whicli tliey form one contiMuous bone in Fishes. 

The loose connections of most of tlu^ bones of the face may 
likewise remind the liomologist of their condition in the im- 
perfectly devtdopcd skull of the embryos of higher animals ; but 
this condition is esjiecially subservient to the peculiar and (‘X- 
teusive movoincnts of the jaws, and of the bones eouiiected with 
the hyoid and braindiial apparatus. 

Not any of the limbs, properly so called, of Fishes, arc jire- 
liensile ; the mouth may be ])ro|)ellc<l and guided by them t<j the 
food, but the act of seizing must l>e |>crformcd by the jaws, 
ITenee in nian\ tislics both u]>pcr and lower maNiilary Ivones (‘iijiiy 
movements of jirotractioii and retraction, as well as ol* opening 
and shutting. I'hc tiian conuetdions of* the n|)])er jaw, and wedged 
fixity of the bone suspending the under jaw, which characterise 
the higher lleptiles and Mammals, would be imperfections in the 
Fish; in Avhi<*h, therefore, siudi characters are not only alisent, 
hut si»eclal dcvcloj>emcnt in the opjjosite direction not uidVe- 
qncntly goes so far as to prodnee the most admiral)le mcelianical 
adjustments of the maxillary apparatus, coinpensatiiig for the 
al.)S(*nce of hands and arms, like those wliich have Ixuni exernjiliiicd 
in tlie instance of the Jvpihuhis instiUafor,^ \\\' must guard our- 
selves, liowevor, Iroiu interring alisolute siipm-Iority of structure 
from apparent (.‘omph'xlty. Tlie lower jaw of fishes might at first 
view seem more complex than that of man, Ix'caiise it consists ol* 
a greater numher of pieces, each ramus h(‘ing composed of two or 
three, and sometimes more separat<^ bones. [>ut, by [larlty of 
reasoning, the dental system of that jaw might be regarded as 
more comjilcx, because it supports often thnMi times, or ton times, 
])crhaps fifty times, the luimlicr of teeth Avhieli aie found in the 
human jaw. We here jKTceive, however, only an illustration of 
the law of vegetative repetition as. the character of inferior organ- 
isms : and we may view in the same light the multiplication of 
]n(x*es of Avhich tl»o suppoJting pedi(*le of the jaw Is comj)Ose<l in 
Fishes. But tlui great size and the double glenoid or troeldear 
arti(‘idation of that p(‘diele, are develo[»enients Ix^yond, and in 
advance of the condition of the honoKS su|>p()j‘ting the lower jaw 
in Mammals, and relate both to the increase of tlie capacity of tlic 
mouth in Fishes for the lodgment of the great liyoid and braiicliial 
a])paratns, and to the su])port of the oiKTcula or doors which 0 ])cn 
and ch^se the l)nujchial chamhers. The division i)f the long 

' p. 119, fig, 87. 
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tynipanic pedicle of Osseous Fishes into several partly overlapplnc^ 
|)iec*es adds to Its strcni^th, and by pennittlnj:ij a slight (dastie 
i)ending of tlie Avhole diminishes the liability to fra(‘tnre. The 
enormous sl/e, moreover, of the tyinj)ano-m}uidlbiilar arch, and of 
its diverging ai)])endag(*s, contributes to ensiii*e that proportion of 
the liead to tlui trunk which is best ada|)ted ibr the progressive 
motion of the lisli through the water. Hut witlu)iit tlie admission 
and appreciation of these |)re-ordained adaptations to special exi- 
gencies in the skeleton of Fishes, the superior strength and 
complex devclopement of tlie tympanic pediede and its appendages 
would be inex])licable and uniut(d!igll>le in. this lov/est ainl lii’st 
created class of Vertelrrnte animals. 

All writers on Animal AIe(dianics liave shown how admirably 
tlie wholly form of the fish is adajited to tlie elenieiil in whi(di iti 
lives and moves: the viscera are packed in a small t‘ompass, in a 
cavity brought forwards closer to the head ; and wliiJst the eonsc- 
(pient abrogation of the Tieck gives the advantage of a more fixed 
and resisting connection of tlui head to the trunk, a greater pro- 
portion of the trunk liehlnd is hdt free for the devclopement and 
allocation of tlie muscular masses which are to nu)ve the tail. In 
tlii‘ caudal, which is usually the longest, portion of the trunk, 
transverse processes c<‘ase to he devcdo|>ed, wliilst dennal and 
intercalary s))iuos shoot out from the middle line al)ov(‘. and helow, 
and give the vertically (‘xtended, compressed form, most (dficient 
for the lateral strokes, liy the rapid aUernation of which the fish 
is jirojielled forwards in tlie diagonal, between tlu' direction of 
thn.se forces. 'I'lie advantage of the hi-concave form of vertobra 
willi intervening elastic t’apsules of gelatinous Ihiid, in effecting a 
comhinatioii of tbc resilient with the musenlar power, is still more 
obvious ill tlie Hoiiy Flslies than in tbe Shark. 

The normal cliaracter of Ichtliyic myology show's itself in tlic 
vast ])roportion of the vegetatively-repeated myocommas, eorre- 
spouding with tlie verteliral segments, as compared wdtli the 
i^nperaddi'd system of mnsch's subservient to tlie action of tlieir 
diverging a]>peiidag(is : but this couditiou, wdiich, iiiasiiiucb as it 
deviates so little from tln^ fundamental type, throw^s so much light 
•p)un the essential nature and liomologics of the muscles of the 
Vertebrata, is not less admirably and expressly adapteil to tbe 
habits and mcdinni of existence of the Fish, llie interlocked 
^nyocommas of the trunk constitute, physiologically, two great 
iMteral muscular masses, adajited by their attaehments, and 
by those <d‘ the anterior and posterior ends, to bend 
vigorously from side to side, with the whole force of tlioir alter- 
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iiating antagonistic contractions, the caudal moiety of the trunk, 
procliK'Ing that double lash of the tail by which the Ush darts 
forwards with sin*h velocity. AVhen the lateral muscles are more 
violently contracted, so as to bend the whole truidv, the recoil 
may even raise and propel the fish smne distance from its native 
element: thus the salmon overleaps the roaring cataract which 
opjjoscs its mlgTation to tlic shallow sources whitlier an irn^sistiblc 
instinct knpels it to tlie business of s[»awning ; and tbns the 
flying-fish, in the extremity of* danger, baffles its [mrsucr hy 
springing aloft, and prolongs its obliipic course through the air 
by tbe aid of Its oiits])road pectorals. When the anterior por- 
tions of tlie gi*eat lateral masses act from the trunk as a fixed 
point u))on the bead, they move it rapidly and forcibly from side 
to side: in this way the Siluri deal severe Idows with tlicir ont- 
stretebed serrated pectoral s]>ines ; thus the Pcrcoid and Cottoid 
Fishes strike* with their openmlar s]>iiies ; and so likewise may 
the Saw-fish (IVisf/s) and Swortl-fisb (.V//y///o.s) wield their for- 
midable weapons, although (heir deadly cut or thrust is eouiuuMily 
delivered with the wholtj iin])ctus of the onward course, the head 
being rigidly fixed iijx)!! the trmd\. 

Tlio supraearinah's, combining with the dorsal portions of the 
myocommata, give tension to the region of the back, slightly 
raise the tail, and do])r<'ss the dorsal fins. The infVa(*arinalcs, in 
eomliiiiation with the retractoros pubis, tend to comi»ress tlie 
abdomen, to eonstriet iho anus, ami to depress the tall. 

Tlie muscrles of the |)eetoral fins, though, compared ivith those 
of the homologous members in higher Vertclirates, thej^ are very 
small, few, and sinijde, yet suffice for all the re(|uisite movements 
of the fins; elevating, d(*pressing, advancing, and again laying 
tiieiii prone and flat, by an ohli^pie stroke, u|)ou the sides of the 
body. Tlui rays or digits of both pcictorals and veiitrals, as well 
as those of the median fins, can be divaricated and approximated, 
the intenening webs spread out or I’olded up, and the extent of 
snrfii(Mi required to react upon the ambient medium in each (‘Iiaiige 
and <]egree of nuition, can he duly regulated at pleasure. 

In the ordinary forward movement the tail first bends from the 
vcrtel)ral axis, which is the axis of motion, fig. lo9, /* d, to r/. 
During this action the centni of gravity, e, sliglitly recedes. 
From a the tail is Tiext forcibly bent hy the muselcs on the 
opposite side, in the direction of the line a i The force of the 
action upon the water in a i is trauslated to the body in i (ij 
causing iho centre of gravity, c, to move obliquely forward, in 
the direction of c A, parallel to / a, Tlie tail; coiitinulng its 
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flexion in e o, acts backward, in the direction of o e ; having* 
readied the point o, it; is again forcilily bent in the line o e, 
causing an impulse on the centre of gravity in c b, parallel to oe\ 
if the two forces c h and c h acted sinud- 
tancously, we should obtain the resultant 
c f\ but, as th(;y do not, the point c will 
not move exactly in the line c J\ biitdii a 
curved line, evcidy between d c f and a line 
drawn parallel to it tlirough k. The flsh 
being in motion, the tail describes the arc 
of an ellipse; whereas, if it were station- 
ary, it would des(‘ril)e the arc of a circle. 

The power of varving the position and ex- 
panse of the tail-fin during the side-strokes 
complicates the problem ; its plane may be 
perpendicular to the stroke's direct ion, ami 
its exj)ansi()ii greatest at tin', beginning of 
the Stroke, as in a l\ and it may lie ob!i([ne‘ 
to tlu^ di)*e(ttion of the rest of tlie^ stroke, 
as in c o, witli contraction of the surface. It 
nuist, further, be considered that the water 
having been set in motion by flexion in one direction, produces, 
when meeting the tail moving in the opposite direction, a resis- 
tance pro])()i‘tional to the sum of the s([uares of the two velocities. 

The shape of the caudal fin varies much in fishes, according 
to the kind aiul degree of motion re(|uired : in the imprisoned 
emlu-^a), or iiewly-hatehed fry, in the long and slender undulating 
eel, in the sluggish lie])idosiren, the vertebrie continue, to the end 
of th(^ hodv iu a straight line, distinct, and decreasing to a ])oIut; 
and the tail is bordered above and behnv by a \ertical fold of 
skin ; terminating either in a point, as in fig. 100, or obtusely. 
Siudi fold or fin is symmetrical, but not * homoeereal,’^ The 
vertical folds deepen ; at first, iu some Plaglostomes, e. g., 
eipiably, forming a terminal lobe; then excessively, in the lower 
or lucmal fold, wllii the developemeut therein of rays, and with an 
ni)war(l or neural inclination of the supporting vertebrae Shorter 
rays are develoj^ed iu the shalloAver neural fold, which terminates 
at the j)oiiited end of the vertebral series. I'lie anterior rays of 
the ha?mal fold, which arc the longest, form a second point. The 
tail-fin is thus bifurcate, but uusymmetrieal ; and this stage of 

’ By this latter term M. Agsissix signifies a subseijiicnt grade of inodiiieation and 
dcvelopeinent, and a grave fallacy lurks in its luisapidieution to the common embryonal 
t^oiiditiou of tlie tait-fiu iu Fishes, us by the Author of cxcvui. 
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de.N’olopenieTit is teraicd tlie " hetcrocercal ’ one. It is shown hy 
the Stiir< 5 Con, 29, nnd by the Chinnenis and Sharks of the 
present day. It was tlie iashioii of tail (fig. 127) whieli prevailed 
in Fishes tliroiigiiout the palaw,oic and triassic periods. 

In some oolitic fishes lirst is observed such a lengtliening of 
the dornioiienrals of the tail, with such a shortening and running 
together of the terminal vertebrie, and such a proportion of the 
dermohiemals, ns leads to an eqiial-lobed candal fin, which has 
been termed homocercal but as it is only symmetrical in 
contour, and remains more or less iinsymmetrical in its Irame- 
work, I term it. ‘ homoeereoid.’ The ganoid fishes ol the rnesozoic 
periods maniiest soN cral interesting gradations ol* this transitional 
state from tlie hetcro- to the true homo-cereal f‘orin, each sU^p 
Ix'ing a permanent (‘haracter of the extinct species presenting it. 
I'lie embryos and young of SaliHonidw^ of most Mdlaroptf ri^ ami 
of many Aranthaptcri^ go throngli closely analogous stages to 
those which were ])ermanent in extinct fishes; and the slight 
upward twist of the coalesced terminal caudals, and the ine(|iialily 
cd* its ujipcr and lower h»bes, indicate the (net in tin* {^ymnK'tricallv- 
sha|)ed ‘ homoeereoid' tail-fin of the adults.* In the Auavnuthinf, 
fig. 34, and Saunheroids^ fig. 33, the terminal tail-vertebrai shrink 
and coalesce in the line of the trunk's axis; the dermoneural and 
'lernioluemal rays are e(puilly developed, and a truly symimdrical 
or Miomocercal ’ caudal fin is tlie result; and this is the latest 
and greatest modi(i(‘ation of the organ. The majority of existing 
species of bony fislies indicate, in tlie course of tlieir aeipiisition of 
the symmotrieal tail-fin, the heteroeereal stages at which it is seve- 
rally arre.sled in different older extinct S])celes, doubtless in close 
relation with the |)ower and kind of swimming requiriHl by each. 

4.'he betei’ocercal tail helps the fish to vary its onward eonrso. 
The Shark wlieids iiboiit in pursuit ol‘])rey, and rotates tbelrunk, 
to Iirlng the inferim-ly-ojicning month to l:»ear n])on tlie victim. 
The Stiirg(M)ii maintains its body In tlie oblique jiosition while 
upturning the muddy bottom of tlie strongly-nmning stream, and 
avoids, by deftly bending to right or l(4*t, the drift bodies that are 
luirrlod down the river. The liomoeercal tall is a more effective 
form f'or a straight forward rush. When it is truncate and tri- 
angniar, the a]>ex being the centre of motion, tlu; centre of force 
is three-fourths the distance of its base from the axis of oscillation, 
and the muscles of the tail act at a corresponding disadvantage. 
When the tail is forked, as in fig. 33, tlie area is in the inverse 

^ See the persistent truce of tlie embryonal heteroeereal form of the tail*’ in the 
Sca-pcrcli {Cmtroprifilis yitjas, Owen), No, lyi, p. 51 , XLiv. 
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ratio of tlio (llstaiicc from tlie centre of j^riiA'ity, and the centre of 
force is one-half the distance fnnn the, centre of motion ; conse- 
quently the fishes so endowed have tlie ‘>’roat(5st velocity, it is 
such in the Sword-fish as to enable it to drive its rostral Aveapon 
through a ship’s tinilxn’s with the Ibrce of a cannon ball — for 
exainjde, through fourteen inches of oak, after [lenctrating the 
cojvper sheathing, tour inches of deal,>tid a layer of felt.' 

As most fishes re/piire to sustain themselves above the bed or 
bottom of their rivers, lakes, or seas, and as their s|)ecifi(i gravity 
is greater than that ol‘ water, they are (Mimmonly provided with 
an air-bladder, situateil lmnu*diately under tlu^ s]nne, and above 
the centre of gravity, and usually accompanied with powers of 
rencAviug, expelling, compressing, and dilating its gaseous contents. 
This hyilrostatic apjiaratus thus liecomes an imjiortant auxiliary 
oriran of loeoinotion. 

The IViodons and Tetrodons till an immense expansion of the 
(rso|)hagus by swallowing air; and as tliis lies below the centre, of 
gravity, the body, so inllated, rolls over, and they arc drifted, 
passively, back downward, by llie winds and currents. 

'rin', air-l)la(lder is absent in Plftf/iostnruu Plcvro- 

nrvtida> ; and such fishes, unless endowed with compensating 
powers and jiroportions of body and tins, as in tlic Sliai’ks, 
liabltnally groAcl at the bottom, and oxhilnt flattened forms of 
body, as in the Hays and Flounders. 

A\'lth the ox(*e|itU)n of the above-described modifications of a 
few terminal vertebraN those of the trunk remain throughout life 
ilistinct from one another in Fishes, as they orlginaHy are in tlu* 
oinhryos of all higlier V'ertehratos. The contluein'c of vertebrae 
at the base of tbe tail would have been a hindrance to the 
required inovemeuts of such part of the sjiine iu creatures which 
progress by alteruatc vigorous iufiectlous of a muscular tail. A 
sacrum is a consolidatioii of a greater or loss ])iY»portiou of the 
v(a‘ti;bral axis for the t ransfiuYuicc ol* more or less of the weight 
of the body upon limbs organised for its su[)])ort on dry land ; 
such a modification would have been useless to the fish, and not 
only useless, but a delect. 

T’he pectoral fins — those curtailed ])rototypes of the fovc-llnihs 
of other Vcrteln-ata, with the last segment, or hand, alone jiro- 
joi'ting freely from the trunk, and sw'athed in a common undivided 
tegumentary sheath — ]>resciit a condition analogous to that ol* 
the embryo buds of the homologous members in the lilgher Ver- 

‘ Sec the specimen in tlic Museum of the Koyal College of Surgeons, Lomlon, 
(le, scribed in cxcv. 5. 
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txibrata. But what would liave been the cfFcet if both arm and 
furc-ann had also extended freely from the side of the fisli, ami 
dangled as a long flexible many-jointed ap|)(uidage in the water ! 
This higher develoj)einent, as it is termed, in relation to the pre- 
hensile liinl) of the denizen of dry land, would have been an iin- 
perfeetion in tlie structure of the creature which is to cleave the 
liquid chancnt : in it, therefore, the fore limb is reduced to tlie 
smallest pi o|)ortions consistent with its required functions : the 
brachial and antibrachial segments are abrogated, or liiddcn in tlic 
trunk : the hand alone projects and can be applied, when the fish 
darts forward, ))rone and fiat, by thwion of the wrist, to tin* side 
of the trunk ; or it may be extended at right angles, with its flat 
surfaces turned fin’ward and baekwar<l, so as to cheek and arj*est 
more or less suddenly, according to its d(*gree of ('xtenslon, the 
progress of the fisli; its breadth may also he diminished or 
increased l>y approximating or divaricating tfio rays. In the a(*t 
of flexion, the fin slightly rotates and gives an oblique stroke 
to the water. If one of the pectorals b(3 extended, it will* turn 
the fish in a curve towards that side: if the other only, it 
will turn it on the opposite side: tlu'v thus a(‘t as a rudder. For 
these fuii(*tions, however, the hand recjuires as mucli extra 
develoi)ement in l)readth, as reduction in length and thickness ; 
and this is gained by the addition of ton, twenty, or it may l)c 
even a hundred digital rays, l)eyond the numl)(‘r to which the 
fingers are n*stncted, in the liand of the higher elass(*s of Verte- 
brata. We find, moreover, as iinmeroiis and striking uiodili- 
cations of the ])ectora1 fins, in adjustment to tlie jieculiar liahits 
of the sj)(‘cles in Fishes, as we do of the fon^ limbs in any of the; 
higher classes. This fin niay wield a fonnidalile and special 
weapon of oflence, as in many Siliiroid fishes. But the iiiodifitHl 
hands liave a more constant secondary oflice, that of touch, ami 
are apjdied to ascertain the nature ol’ surrounding objects, and 
])articularly the character of the bottom ol* the water in wliieh the 
fisli may live. The tactile action of the ])ectoral fins may be 
witnessed when gold fish are transferred to a strange vessel; tliey 
conqiress tlieir air-bladder, and allow thcinsel ves to sink near the 
bottom, which they sweej) as it were, by rapid and delicate vilira- 
tlons of the pectoral fins, a])|>arcntly ascertaining tliat no shmp 
stone or stick jirojects upwards, which might injure them in their 
rapid movements round their jirison, if I he pe(‘toi-als are to 
perform a sp(*cial office of (‘xploration, certain digits are liberated 
1‘rom the web, and are s|)ecially endowed witli nervous power for 
a finer sense of touch, as we sec in the Gurnavds, fig. 82; in 
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wliich they also serve as limbs to creep along the bottom, when 
the fisli is exploring the sand with its mailed mouth. 

Some Gobioids (P(n'iopthaluuis) can use their muscular pce-lo- 
nils to shuffle along the sliore, or hunt for insects in humid placcsd 
Certain Lophioids living on sand-banks that are left <lry at low 
water arc enabled to lio]> alter the retreating tide by a s|)ecial 
prolongation of the carpal joint of the |>c(*doral tin, fig. 102 ; whi(‘h 
iiii in these ‘ frog-fishes’ projects like the limh of a terrestrial 
(jiiadruped, and presents two distinct segments clear of the trunk. 

'file sharks, whose form of body and strengih of tail enable 
them to swim near the surliiee of tbe ocean, are further adapted 
for this sphere of activity and comjieusated for the ahsence ol an 
air-bladder by the large pro]>ortioual sl/e and strength of their 
pectoral fins, figs. .‘lO, 104, which take a greater share in their 
active and varied evolutions than tluw can do in ordinary lishes. 

The tla.t-ho(li(?d Kays, expially devoid ol* an air-bladder, and 
with a long and slender tail, deprived of its ordinary [)ro[)elling 
]K)wers, grovel at the buttoin; but have a still greater develope- 
nient of the liands, fig. fi t, u, rj, which surpass in breadth the 
whole trunk, and react with greater Icn-ee upon it in raising it 
from the bottom, by virtue of a sjxx'ial inodilleation of tlie scapular 
arch, which is directly attached to the dorsal vertelmv. 

Nor is the [lecloral monibcr restri(!ted in length wliero its 
olfice, in suljstM'vieney to the sjiecial exigencies of the fish, 
fieinauds a devolopement in that direction : the fingers of the 
Krnneftfs and Dactf/loplertfs, are as hnig, and the wel) winch they 
sustain as hroaci, as in the expanded wing of tin* fiylng mamma!. 
Evei*y where, whatever resemblance or analogy we may ])erceive 
in the ichthyic modifications of the Vertebrate skeleton to tlie 
lower forms or tlie embryos of the liigher classes, we sliall find 
such analogies to lie the result of s}>ecial ada])tations for the pur- 
pose or i unction for which that [)art of the fish is designed. 

Tile ventral fins or liomologiies of tlie hind-legs are still more 
I’lidimental — still more einbryonie, having in view the eom])arisoii 
^vith the stages of developement in a land animal — than the j ee- 
lora! fins; and tlu*ir small [)roportionaI size reminds the homologist 
the later appearance ot* the hind limbs, in the develojicment id' 
the, laud Vertebrate, ilut the lilnd limbs more immediately relate 
fo the support and progression of an animal on dry land than tlie 
lore limbs: the logs an^ the sole terrestrial locomotive organs in 
Ifivils, Avhose fore limbs are exclusively modified, as wings, fior 
'Hotioii in anotlier clement. 4'he. legs are the sole organ of sup- 

' i t.xxiv. viil. iii. ]i. 97. 
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port and projvrossloii in Man, whose pectoral members or arms 
arc liberated from tliat officv"', and niad(3 entirely subservient to 
the varied purposes to wliich an inventive iiumlt}'’ and an intel- 
ligent will would ap])ly them. To what purpose, tlicii, encumber 
a creature, always iloating In a medium of lujarly the same specific 
gravity as itself^ with hind limbs? They could be of no use : 
nay, to ereatures that can only attain their prey, or escape their 
enemy, by vigorous alternate strokes of the hind part of the 
trunk, the attji<*hment there of long thjxible limbs would be a 
grievous hiiubaueo, a very monstrosity. So, therefore, we find 
the developement and coiineetions of the hind limbs of Fislies, 
figs. MJ:, oS, v, restricted to the dimensions and :l‘onn 
which, wlnlst suited to the limited liinetions they are eapahlo of 
in this class, wouhl jircvent their interfering with the iicllon o»* 
more important parts of tlie locomotive maehinerv. 

The |)]ane of each ventral fin being horizontal, al: right aimhis 
to tliat of the. candal tin, their a<*tion serves to balance tlie body, 
to incliiie it on either sid(3 when one fin only acts, and to elevate 
or depress the fisli ly their joint eifort. 

In most fishes the ventral fins merely eoinhhio willi the petrtoral 
fins in raising the body, and in |>reventing, as out riggers, tlie roll- 
ing movement : but some Intevestiug modifications in. relation 
})artl(‘idai* ludfits of certain species have [irevioiisly been puinPai 
out ([). 180). In the Jong-bodied and small-headed alxloiniiial 
fislies, the veutrals are situated near the anus, where they best 
subserve the (.>fiice of accessory balancers; in the largc-lunided 
thoracic and jugular fislies, the huvse suspension of these fins, and 
the absence oi any conncclion witli a .sacral part of tlie vertebral 
cohnnn, ])ernilts tlieir transference forward, to aid the ])ectoral 
fins in raising the head. 

The ])lani's of the dorsal, figs. 24, o!), i), ami anal, ib. A, fins 
are in thatol the mesial longitudinal secti^m, and their mov('ments 
are iisnally restricted to elevation and dejuvssion. They accord- 
ingly incr(3asG or diminish the lateral surfaces of the fish, co>‘- 
reeting any tcmh'm^y to oscillate laterally, or to turn upside 
down, as the liody wouhl do without some muscular clfort, since 
in the ordinary posture, back u|>ward, tlie centre of gravity lies 
al)ove tlie centre of figure. When the fins eollaj>so ami tlie inns- 
eular a(;tion ('cases, as in death, the fish floats belly u|)wai‘d. 
However, in soim- singular exceptions, e. g. the Sun-fish, the dorsal 
and anal fins are unusually exteiulcd, and tak (3 a uior(.> direct share, 
by lateral nndulating movement.s, in the locomotiou of the fisli. 

In ordinary shaped Osseous Fishes, if the dorsal and anal fins bo 
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cutoff, tlie fifth reelft to tlio right and left. If the pcctoraLs be cut 
off in a Perch or other big-headed fish, the head ftliiks; it* one 
pectoral be cut off, the fiftli leans to tlnit side; it* the \entral. of 
the same side be also removed, the fish loses its oqnilil)riiiin ; 
if the tail ))e cut otf, tlie locomotive ])o\vcr is abrogated. 

§ 49. Locomotion, of Serptmta, — The sole locomotive organs in 
serpents are tlie vertc*bral column, with its muscles, and the large 
stiff erectile e])id(M'mal scutes crossing the midiu’ surface of* tlie body. 

Although tlie verteliric have syiio\ ial cup-and-l)all terminal joints, 
their reciprocal movements are, greally restricted hy tlui ‘ tenon- 
and-morllce ’ articnlations of* llu^ donhle zygapophyses at eacli end, 
of whicli the infi'rior have tlat horizontal surfaces, tlio snjierior 
slightly obli(pie ])]ani‘s. JhU as a singhi s(*gment of the l>aek- 
hune may be but v’,„ p-art of the Icngtli of tlie body, tlu! sum of 
the small movemeiils between two vertebrae liecomes eonsideralde 
ill a certain extent of tlie long trunk. 

A s(‘rpent may, liowever, be seen to jivogress witliont any 
infleetions, gliding slowly, with a gbost-like movement, in a 
straight line. I1‘ the oliserver liave the nerv(^ to lay his hand fiat 
in the ve[)t lie’s course, lu; will lisd, as the body glides over tin? 
palm, the suvl'aei^ pressed, as it wmv, by the edges of a rdoi e-set 
series of [lajier-kuives, sueeessively {‘ailing ilat aftiu* such apjiliea- 
tlon. The skin of flic hand has been seized, so to sjieak, by the 
edges of the stiff, short, but broad, transverse, horny, ventral 
■entes, erc'cted or made vertical for that juirpose, and folding Ilat 
ajKHi the body when tiie elfeet of the resisianee has been gaiiu'd. 
Pach scule liaving secaired a fiihuaim in the jilano of motion, the 
rihs eonnec'ted with it rotate, and transmit the movenuml upon 
the tnndv; it is, in fact, a step wliose lengtli ih'pcnds on the are 
tlirongh whi(‘h tlie pair of rilis may os(*ilkue and on the distances (»i* 
die sentes from the axes of mol ion. As both these ar<‘ small, and 
the motion has to be transmitted l)y the sueeession of short sental 
‘tops through the whole length of tlie body, this first kind of 
progression is slow and gliding. 

A second an<l swifter mode of locomotion on land is by sueees- 
ftively bending and straightening ])ortions of tlie body. Extension 
^vill carry the si raightoned part forward in the direeiiou of least 
1‘esKvtariee. If most resistance be made by the point of the 
knl, fig. ifjo^ Qi* |)y fiic a})p1icatiou to tlie ground of the edges 

the erect sinites, between d and c, the extension of o a will 
Carry the head to //, tlie smooth overlapping' nnerceted scutes 
l^ctween <Mind d favonring the forward movement; and this being 
eftected, and the gromid grasped by the erection of the scutes 
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between a and e, flexion of the rest of tlie body will draw forward 
the tall, as from h to e. As the extent of the flexion of, say a 
fourth part oi‘ the l)ody, exceeds the space throu{j;h which a single 
scute is moved in erection, st> does this mode of motion greatly 
exceed in swiftness the ]>reccding. And this swiftness is accele- 
rated when the serpent raises tlie body, in arched curves, from tlie 
ground, increasing their span, and i>rogrcssing in a vertically, 
instead of a horizontally, undulating course; when, by augmented 
vigour of tlic muscular actions, the whole trunk may be raised 
into a single arc, and the movement acquire the character of a 
leap. Thus the body being bent, whilst tlic neck-scutes fix the 
head, as at H), the tail will advance from a to e, fig. 161 ; when, 
being fixed there by the suhcaudal scutes, extension n-ill carry 
the head forward to </, and the serpent will have advaiu'cd by the 
two actions of flexion and extension through a space equal to ff r 
or 4 II But, if the act of extension be vigorous and suddim, 
and an equivalent fulcrum be afforded by the tail, the whole body 
may l}e eai’ried forward, as by a leap, farther than its own length. 
Foj- the saltatory motion, however, the mechanism of a s|>iml 
spring is commonly simulated ; the whole l>ody is Ixnit into a 
seri(‘s of close-set coils, the sudden extension of wh.ich, reacting 
upon tlie point of earth against which the tail ])resscs, throws the 
ser)>ent ol)li<pioly forward into the air. In all these movements 
the curve is essentially lateral ; the amouiat of rotation lietween 
tlie smaller ^erteline, at the two extremes of the body, jierinits 
the flexion oi the Intermediate joints to assume, as in lig. 101, the 
vertical position. There is no natural undulation of the body 
vqiwavd and tlownward it can take place only IVom side to side. 
So closely and compactly do the ten pairs of joints l^etwecii caifli 
ot tlie two luindrcd or three hundred vertehrie fit together, that 
even in the relaxed and dead state the body cannot he twist o<l. 
It the attcnnit at rotati<»n be made at the end of the tall on a 
dead snake outstretched, the part grasped may be half-twisted; 
blit the rest of the trunk will turn over, rigid, like a stick. 

ySerpents derive the same advantage from their lungs in Avatcr 
as eels from tlniir swim-bladder, tlic air-rece{»tacles In botli being 
miicb alike, and placed above tlic centre of gravity. Tlicy pJ’‘'- 
gr(.‘ss by a similar sei'ies ot successive lateral undulations, gene- 
rating a surplus Ibree in the moving body equal to the ditferenco 
between the fbree of the locomotive organs and the resistance 
ol the mcdiimi. In water-snakes this resistance is made more 
efteetive by the lateral flattening or eompression of the tail, whicli 
can be drawn forward edgewise, and flapped back breadthwise. 
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Serpents climb trees by the same mechanism and actions as In 
the first, kind of locomotion ; the edges of the erected scutes 
laying hold of the bark in succession, as the body glides spirally ii]> 
the boughw The tall has a prehensile faculty, esp(?cially exercised 
by the great Constrictors while waiting for their pr(‘y. 

They instinctively select a tree at the part of the 
stream easiest of access to tlie thirsty^nannnals of 
the forest, and suspend themselves, like a ])arasitio 
creeper, from an overhanging branch, tlie head and 
fore-part of the body being Heated by the bladder- 
like lungs upon the stream. 

Serpents are too commonly looked down u]K)n as 
animals degraded from a higher type ; lint theii’ 
whole organisation, and especially iheu' bony struc- 
ture, demonstrate that their parts arc as exquisitely 
adjusted to the form of their whole, and to their 
hal/its and sphere of life, as is the organisation of 
any ‘animal Avhich we call superior to them. It ^ 
is true that the serpent has no limbs, yet it can 
outcliml) the monki^y, ontswim tlie fish, out leap the 
jerl)oa, and, suddenly loosing the idose (‘oils of its 
croiK'lilng spiral, it can s|)ring into the air and >seiz(‘ 
the bird upon the wing: all those creatures liave 
been oliserved to fall its |)rey. Tlic serpent lias 
neither hands nor talons, yet it can out wrestle the 
athlete, and crnsli tlie tiger in tin', embrace of its 
])oiidcrous overlajiplng folds. Instead ol* ri(*king up 
its food as it glides along, the serpent uplifts its 
crushed jirey, and presents it, grasped in the death- 
(N)il as in a liand, to its slimy gajnng mouth. “ *'■ 

It is truly wonderful to see the Avork of hands, feet, and 

IGl 
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performed by a modification of tlie vertebral column — by 
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a multiplication of its segments with mobility of its vibs Lut the 
V(?vtebriU arc spcciallv modified, to coin|)onsate, by the strength of 
their numerous articulations, fi>r the weakness ot their manifold 
rej)ctition, ami the conse<ju(Mit elongation of tlie slendei column. 
As serpents move (*hlellv' on the surface of the eai'th, their dangci 
is greatest from ])ressiire and blows from above; all I hi; joints aio 
fashioned acc<)nllngly U) resist j-ielding, and suslaiu piessiue iu a 
vertical direction, 

§ r(). (ff liinhrd 1 be fish-like l>atracliia 

inoVe ill watin' by means ot the lateral iufI(‘etions of flu' Iiiii(l<'i- 
half of llu^ trunk, wliieli is eom|)ressed and e\lended vertically 
bv a maruinnl tegumentary fm. The parial limbs are small and 
feelile: tliev are iimited, in li»e amphiliimis Siren, to the ])eetoral 
rcj^ioii. aial to the lunetion ot raising the head and tor(.*-|>art ol 
the trunk ujion the bank or shore. In the rest of (lie order 
both jiairs are present: in tlio Amiihinmo th(‘y are loo feeble to 
siign'est any partieular locomotive lunetion ; lint tluiv subserve, 
when somewhat more devidojicd, a slovv and awkward rejilation, 
as in the Mcnojiome ami Newt. In the liaml-Sedainamler, hg. 
1 to, (hey ae<|uire the due strenglli for [(‘rrestrial jirogressiou, and 
the tail is shortened and roiimlcd. In the Toads and Frogs the 
tail is alisorbed, and the legs lengthened and strengthened, esjie- 
eiallv the Jiimlcr pair; but with an outward direction from the 
body, and a |)osition too horizontal to enable them to raise ov 
suiiport: it above the groumi. 

The Frog, in reiiose, assumes a sitting posture, tlu^ thighs 
turned outward ami forward, the legs bent baekwartl, ami the 
lengthened tarsi and feet directed forward. dlus fore-part ol 
the trunk is ]irop|)ed up by the fore limbs, at an angle of Id , 
\vith the l>asc hetweeii the hind limbs, which, iu their state ol, 
flexion, arc ready on llie least alarm to projeel. the body forwavrl 
by their sudden extension. The shouldev-joints of the limlis 
that reeifive the shock on alighting from the lea]) are strength- 
ened by an interartieular ligament. The great Hull-Frog may 
clear six feet at a leuj), ami repeat them so rapidly as to escape a 
|»ursuer, unless chased at a great distance Irom the water. Hoth 
fore and hind feet are Avebbed for swimming, Avhieb is eliielly 
efleeted ))y strokes of the strong liind limlis. The large Imlian 
frog {Rttna thjrhia) is said to he able to rim along the surface ol 
the water for a short distance. 

Tlie Tree-Frogs {Hf/ln) have a concave dis<*, at the end of 
each toe, for climbing and adlicring to the bark and loaves of 
trees. 
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Toads, wdtli semi palmate feet, liave an awkward, but not always 
slow, progression on land by alternate movements of the limbs. 
Some sjiecies arc enal3led, by peculiar tubercles or prtij (Motions 
irom the palm or sole, to clamber iij) old walls. 

Ibit the most remarkable climbers in llic reptilian class are 
certain lizards, espec'ially those called ‘ Cicckos.’ biach foot has 
live toes, which are spread wide apart,>«cpanded at tlu* ends, and 
terminated by a slender sharp claw. The flattened under surface 
of the toe-jiad, fig. 1()2, is traversed by a series of 
transverse folds, with decj) interspaces; the 
margins of the folds, when applied to a smooth 
snrracc, adhere theia^to by at mospheric prevssurc, 
through the vaeiinm oansed by mnseular erec- 
tion of the folds, with con<‘,omltant expansion <»f 
tli(‘ interspaces; thus the animal, alternately 
ap])lying and releasing its suckers, climbs a 
vortical wall or |)late of glass, or proceed>s along 
a ceiling witli its l>ack downward. 

For climbing tn'cs tlu‘- adjustment of tlie toes 
in opposition to each other, in eipial or snb- 
et[ual groups, as already ilescribcd in the (Jha- 
meieon, p}>. 175, lOM, figs. 119, 12.‘>, Is an 
effective modification. Tn this rc[>lilc the liinl>s 
are short and strong, and a prehensile tail is r.H ocij.rK.MiK'Mjii. 
added to the scansorial Ibet. 

Ordinaiy lizards, by the great length of tlu‘ trunk in proportion 
to its breadth, and by the outward extension of the hnmerus and 
femur, are undei* unfavonrahlo meehanieal conditions for rapid 
course n])on land. Yet smdi is the energy of the mviscidar eon- 
traetious in some species, under the stiinnlns of solar heat, that* 
th(,*y aixi deservedly called ^ agile,’ and ‘ dart’ out of view in the 
first rusli from a [nirsuer. They have not, however, the |)Ower of 
maintaining the exertion, and are soon overtaken, if they liappen 
to hefiiv from their retreat. The swiftest runners, o. g. the 7V/c////- 
(iroml^ have the fore and hind limbs least diifering in length, and 
CAJiisequently the vertebral column most jriralhd with the jilane of 
motion. 

In the Crocodiles the hire limbs are shorter than the hind ones, 
in which the foot is longer and more oxjianded, so as to present a 
larger surface for sti'iking the water in swimming. But the eliief 
mitatory organ in these large amphilnous reptiles is the long, 
eompresvsod tail. In the act of swimming, the fore limbs are 
applied flat to the sides of the body, and the hind ones ehiefly 




2C4 


ANATOMY OF VFRTFBllATES. 


used in modifying tlic course tlirougli the water. The fore Iiinl)s 
were shorter, and tlu' hind limbs longer in the extinct CrocodiUa 
of marine hal/its, 11ie stiftiiess of the neck, ])ro(luced by the 
ovcrlaj)|)ing of the ex])anded cer\ical ribs, adds to the power of 
the head In oA creoming tlio resislance oi* the Avater; but detracts, 

uv\ 



Wjtli the almost inflexible cuirassed trunk, from the capacity to 
capture prey on land, which is seldom overtaken, except by a 
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stniij;'l>t-lonvar(l riisli : tins, for a short extent, is (langeronsly 
but tlic Croci)(.lilcs are most formidable and a^Ilo in their 
liabitiuvl eleineiit the water. 

'.flic little Draco vohm has a body which rarely exceeds 

1 10 grains in w'ei^ht; tbe delicate tepjuirientary parachute, sustained 
1)V the long slender ribs, lig. 1(53, like the nervures of the insect’s 
wing, measures about five s(]uare inches^ — its area being as great 
in |)roportion to the weight of the animal as that of the wings in 
many birds. Hut the muscular a|)|)aratus, subserves only 
the exiiansion and folding up of the membrane, wliich would 
siH'in, tbo’eforci, to act, if tlie animal ever leaps into air or darts 
tlinaigli that element, merely as a sustaining parachute to break 
the lidi. 

The Reptilia in which the fore limb ^yas developed and modified, 
in order to w'ork membranous expansions wdth siiflicumt force to 
raise and move the body in air, ceased to exist, apparently, during 
the deposition of the (*rctac(ions beds, prior to tlie tertiary epoch 

111 (ieology. We learn from flic fossill/ed nmiains of Ptero- 
da(‘iyles, that the weight of the body, compared to the area of 
tlieir outsjiread Aviiigs, must have heen very small, fig. Ill, a; 
that the bones were liglit, of a thin but compact osseous texture, 
permeated by air. I'be digit, so enormously develo])ed for 
sustaining the main jiart of the wing, iig. Ill, 5, was r(\stricte(l, 
lik(^ the antibracliium in birds, to movemimts of abduction and 
aditluctlmi, lying along the nlimv side of the fore-arm, and reaching 
beyond tlu^ sacrum, when the Aving Avas folded. The proportion 
of the area of the outstretehed Avings to the body Avas greater in 
Pterodactyles than in most birds, and e()ualle.d that in. the bats; 
like whlcJi, tbe Pterodactylos would alter the alar area by alternate 
ahdnctu)!! and adduction of the sustaining digit, combined with 
ilexion and extension of the arm and fore-arm. 

The large head and strong neck of the Pterodactyle seem to 
have called for that extension and forAvard direction of the anti- 
l>rachlnm, Avhich would cause the centres of gravity and magnitude 
to be iiumi in advance tlian in either bird or bat. Their pelvic 
Unibs were little more developed than in Hats — must have heen 
mieipial to sustain the body — may have concurred with the short 
PMguiciihite digits of the fore liiiib, Iig. Ill, i, 2 , 4, in a crawling 
])rogress along the ground — and, being terminated by toes of 
liquid length, iwoliahly served, as in bats, to susj)end the body, 
head downward, during sleep. 
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CHAPTER IV. 

Nirrtvous system of ha^imatociiva. 

§ 51. jSWrous fis.mrs.- - XcTVons siihsfaiire, like luusciila:*. 
ranks with the most conii>lex of animal tissues in elicmieal con- 
stitution, and possesses the i»Tcatest atomic wei^'lit : l)iit the alhn*' 
jihnous foj’in cd’ pi‘ot(‘ino liere prevails. Xervons tissue ]>resents 
tw<i formal eliaracters; one vesicular and grey in colour, tlie 
other fibrous and white: but the neurliie inclosed by mmrileinina 
being softer than myonine, ajid less definite in arrangement after 
death, the iierve-fdtre usually appears as a tube with wliite contents, 
Nervous substance has two })rin(‘ipal dispositions ; one in 
masses, called ‘centres,’ the other In threads, ealled ‘ nerv(‘s.’ 
d'he cemtres iu Vertebrate animals eonstitute, aeeording to tlic'ir 
relative size or ]/ositi()n, tlie sianal clior<l (myelon), the brain. 
(eneej)haloii), and ganglions. In these tbo vesieidar, grey, or 
dynamic, foi-m of tissue is assoeiated with the fibrous, white, or 
eoiiductive form. JNIost iierv'es consist of the white fibres, and all 
are intcrnuncial in olHce, cstablisliiiig a communicati<,»n between 
the centres and tlie various |>arts of the body. 

The. centres, and their grey or vesicular eonstituont mon* 
ospeciallv, ni>|)ear to originate the nervous force: certain nerves 
conduct it to the ti.ssnes, [>riucipa]ly muscular, on wliich it acts 
by ])rodueing contraetlou ; other nerves eariy tbo impressions 
received at their distal ends to tlie centres: tbc first are termed 
‘ motory,’ from the function they excite, and ^ eflc rent,’ from the 
direetion of conduction: the second arc termed ‘sensory’ and 
‘afferent.’ Wmisation, or tlie appreciation of the impression by the 
individual, seems to follow only when the ‘afferent’ nerve conveys 
its impressions to tbc Iwaiii ; when It stops short In the myekvn, 
or ends in a ganglion, it may excite a eorresjionding or connected 
‘efU'rent’ nerve to produce motion, or a ‘reflex’ action, which 
may then take place without sensation or volition. 

Idle myelon, the cnceplialon, and tlieir nerves, constitute tlic 
‘ inyeleucephalons’ or ‘ cerebro-spinal ’ system, to which Ixdovig 
tlic ganglions on the sensory roots of the spinal and trigeminal 
nerves, and tliose iii the glosso-pliaryiigeal and va^gal nerves. 



NERVOUS TISSUES.* 


207 


A (‘.liaiu of gaTiglions is situated ou each sid(?,uear tlie vertehral 
iurainina, through Avhich the cerobro-spinal nerves Issue. Tlicsc 
ganglions radiate many nerves, connecting them oiui with another 
and with the cerehro-spinul nerves, and ramifying in a plexlform 
way ufjon tlie viscera and coats of tlie l)lood-vc>scls : they con- 
stitute the ‘sympatlietic’ or ‘ganglionic’ system in Vertebrates. 

In tlie cerehro-spinal nerves the pphtiitivc fdjre consists of a 
trans]>arent i!]astic homogeneous tubular 
niombrami (neuriliunma), fig. 104, a\ its I6t 

(Muitcuts are jndpy, homogeneous In the 
living or reca'iitly dcaid state, and may he 
jaessed v)nt of the slieath ; when treated 
with vvat(‘v, as in iig. 101, or with alco- 
Iwil, they eoiidense into a. white hiyer, 
giving; tied <“oloiir to tlie tune: within thi^ 

\vhiti‘ suhstanei^ Reniak driines a ‘ (latten<‘d il 
skukI/ and Purkiiije an ‘ axis-eylinder.’ 

W’lw'u In ‘a ted with ether, oil-glohules i‘o- 
iilcsee in the inte.riin*, an<l aemimidate. around 
die exterior of the tnlie, lig. 10 1, /y. 

Tin? delieaey of the iieurihanma, and 
niohilitv <)f its eondmts, lead, in many cases, 

1.) dilaliilioiis of l!>e (iihc, ofa ‘ Aari- 

rose’ eharacti’r, jinhalily due to ]»ost-mortem 

iiillnenceM in the living or natural state, the primitive nerve- 
tnhe or lihre appears to he ])erieetly cylindrical. 

'The following are results of 4'odd’s admensurcmenls of their 
‘iiaineter, in the ditferent vertebrate classes : — 

Fishes ( Fa'l) , ^i J v ineli. 

Reptiles ( Frog) f to of an incli. 

Ihnls to of ail iiicli. 

Mammal^ to 

Primitive ncrvc-fihres <lo not divhle or branch; they arc 
Jissoelatcd together, In simple juxta])osltion, supported by tine 
layers of areolar tissue, which condense at tlie perijihery into a 
cninnion sheath, to wliich the term ‘neurilemma’ is commonly, 
but not properly, given : it answers to the sheath which surrounds 
5' nniscle, similarly hindiiig the constitiunit iihres of the nciwe 
higether, and supporting their nutrient capillaries. These are the 
^uiallest ill the body ; they run chietly jiarallel with the nerve- 
fihres, forming ohh.mg meshes, comjileted at intervals by cross- 
vessels. Sometimes the ncrve-fibros have a wavy course within 
tbc general sheath, fig. 105. In a few Instances they have been 

' cov. p. oftO. 
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observed to decussate, as in fig. ICG, changing their relative 
position within the sheath. 

Tlic termination of efferent nerves on 
sentient surfaces of the skin appeai-s to 
he ]>lexifonn : hut they have been seen 
Wavy course of nmt'flvrcs.wnLiii fo enter tlic hascs of tlic tactile papilhe 

tliL* ci.iiniiion .sheath, fov. , , - . 

in tlic torin ol loops, i he loo]) 0 (l tenni- 
nation has been distinctly seen hy Ilenlc upon the imiinhrnna 
nictitaiis of the fi’oii’, and by Valentin on parts ot the formative 
inati’ix of teeth, fig. 1(17. 

IGG 



Di.-igrniu to si^hon’ the of tlio i.iitnitivr- wlfhiti 

t-jii.! irrjik Ml a m-iAc. rev. n vi. 

Amongst llie norve-fiVires of the symjiathetic system arc some 
of a grey (■oluur, sometimes called ‘soft fibres/ which are flalleiietl, 

homogeneous, more minute tluin the 
primitive fibres of the ccn-ebro-spinal 
system, and characterised by small 
imiltiiuiclealo bodies upon their sur- 
face, fig. 1 ()8. 

§ 52. JMijelnicoiilwlonof Fishes. — In 
the cold-bloo(h‘d Vertebrates the pn>- 
jiortion of the mass-form, or centi'(\<, to 
the thread-form, or eonduetors, of tlic 
nervous system is less than in the 
warm-blooded cl asses. 

In the Laneolet {Branvlvlostuma), 
fig. Ifiy, the neural axis, m shows 
no distinction between brain and 
rnyelon ; it is a slender tract of nu- 
cleated cells, inclosed in a delicate 
pia mater, constituting a continuous 
chord, of opaline s ub-transparency , 
ductile and elastic. It is depressed 
or band-llkc along its middle third, 

riM-Tni’nfil nriTOs nil ilio SHC uf tlio poooii'l I’l* aI 

liiMlur TMofh of (Ilf' l(i\v(T jaw it) On’ WllK*!! IS Sllglltly groOVCU alOilg tllC 

fir ov;'*''* iHcdud line ‘of the ‘dorsal surface, 
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^oginents. The first pair ol* nerves, fii*'. 170, />, .whicli rmfessov 
f-i(H)(Uir^ thinks ini<*’ht enrrespond tn tJie ‘ trifacial,' passes to the 
niembranons i)arts al)Ovc tlie niontli: it may he the homolooaie of 
tliat, wlheh, when a. part of such lucmbrane becomes si^eeialised 
ail olfactory sac, becomes tlic olfactory nerve, as, e. in tlie 
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Lamprey. The second pair is inn<*li larixer ; il passes out of* tlie 
neAirul canal^ anterior to tlu*. first myocomina, and sends ti branch, 



c, fio’. 170, lumnrd ami backward toward the iront 
edij;c of that seij^iiient, which <‘-oiniiiiinicate,s with 
the dorsal branches of several successive nerves of 
its own side, like the branch from the coininned 
tii facial and vai^al nerves, markcHl i in (i<},\ 204 : 
the main trunk of the second nerve curves 
downward ami backward, 170, commnni- 

catinpj with the con’CspondiiiLj; |)arts (»f the siie- 
ceedinii: nerves of its own side, to some way 
l)ey(md the vent, fii>\ 160, /'/ .<: this ]>orlion answers 
to the branehes a and 4 of tin? ‘ nervns lateralis’ 
in fii>\ 201. From the prinei])al fiinction of tb(‘ 
s('Coiid (conspicnons) ])air of nerv es in the Ijamadet, 
as a ‘ nerve of assoeiation,’ it |)ro]ail>ly answers to 
both the trigeminal and vagal, whieh in most 
higher fishes enmbine to foi*m the “ lateral nerve,’ 
witli the same relations to tl^e spinal nerves and 
median fins as the ncrvi‘s c and r/, lig*. 17t>, show 
ill the Lanc(‘let. 

Costa. ‘ describes and figures ^ la macebia bnma 
degli ocelli’ (p. It), M’opacita cr»rris])ond(mle 
sopra e dictro degli oeehi’ (if).),- and Malvola I 
gangli olfattori’ (Tab. i., tig. 2, ////). Ket/ius^ re- 
di.se»)vors the oeellns ; ami Kiilliker * has more 
parlicnlarly described the sub-terminal ciliated 
dejn'ession, iloscnbed as an •oli'actoj-y sai*,’ and 
imllcated in the diagram, fig. 160, (>!, Aecording 
to thos<.* observations, olfactory and oj)lIc la rve- 
iilaments may be Interred ; and the fore jiart of 
the neural axis, Including the trigemi no-vagal 
nerves, c h, fig;. KiO, will answ(‘r to the brain. 

^llie sncceeiling nerves divide, soon after emerg- 
ing, into dorsal and ventral branches, as in liigher 
fishes, corresponding in mimIxM- with the iniiscular 
segments. The nerves consist of the prlmllivc 
cylindrical fibres. 

This is the most simple jiersistcnt condition of 
the central organs of the lu'rvoiis system known 
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ill the vertel)rate siil)kiii«;(]oni. In all other Fitshes the fore part 
of the neural axis receiva^s the vaij^al, trigeminal, and sjieeial sense 
nerves, and dcvelojies and supports ganglionic masses, principally 
disposed in a linear scries ])arallcl with the axis ; this jiart is the 
‘ tirain’ (eiice[)halon) ; the rest of the axis retaining its colninnar 
or chord-like character is the ^myclon,’ and being lodged in the 
canal of the sjfmal column, it is usually defined as tlie medulla 
Hfd nails (spina! marrow, or s]>lnal chord). 

Jn tlie Lainjirey the myelon is flattened, ojialine, ductile, and 
clastic, as in the Lancelet and other Dermopierl : in ty[)Ieal 
Fisln'S it is iiudaslic and ojiaquc, cylindrical or snl)-d(‘prcsscd ; 
of nearly unifojiu diameter, gradually taiiering in the caudal 
region to a point in heterocercal Fishes, but swelling into a small 
terminal ganglion^ in most homo(‘er(t^l Fishes. 

'flio Hunterian jin'paration of tlie skjite (/iVm /j>V^//.s'y^ shows 
a slight (braehhd or ])(‘ctoral) enlargement of th(‘. myelon, where 
dll' miincrons lai:g(5 nerves are sent off to th(‘ great [U'ctoral fins: 
a foehlcr brachial enlavgeinent may l)c noticed in the Sharks. 
I have not rc(‘ognised it in (.)sseons Fishes, not even in those with 
(‘iiormous p(.*.(!torals ad:i])ted for flight, e. g. J'J.eacccfas and Dac-^ 
if/lojilf rus : ill tlie latter the small ganglionic risings n]»on the 
(!(»rsal columns of the cervical region of the myelon receive nerves 
of sensation iVoin tlu^ free soft rays of the pectorals, arul the 
iiomologons ganglions are more marked iu other (Jitrnards 
( 7VA////;), which have from three to five and sometimes six pairs'*, 
e. g. in TrUfla .Ulrlatlea, Similar myolonal eervlcal ganglions 
arc ]»resent, also, in Palt/uemt/s, In the heterocercal Slurg(*oii 
tlan-e is a, fet'ble expansion of the myelon at the beginning of the 
caudal ri'gioM, wlionce it is coniimied, gradually diminishing to a 
point along tlie neural canal in the u[)pcr lobe of the tail. In 
some liony fishes (Trout, IVlenny)the caudal ganglion is not (juiie 
terminal, and is less marked than in the C(><1 or Hream, in whieli 
it is of a hard texiure, but receives the last pair of s])inal nerves, 
fhe abstviK’e of this ganglion in the 8hark shows tliat it relates 
Hot to the strength of (he tail Ivnt to ils form, as depending on 
the eoncontr.ition and eoalesccncc of the terminal vertel)rie ; 
excejit, indeed, whore siudi metamorphosis is extreme, as, c. g. in 
Orfli(f,jnrisru.s vtola, and Avliere it allheis the entire condition of 
die myelon, which has slirunk into a short, conical, and, according 

‘ LIT!, p. 6; 1.1 V. ]). 2G (ill the Coil). 

^ XX. vol. iii. ]). 40, prep. No. 1347. 

LV. pl.» 2, 4, p. 106; and Liu. p, 6, pi. 2, tig. 24, 2.). 
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to Arsakl (litt. tal). ill. iig. 10), gangllated appcndago to the 
encephalon. A like singular modillcation, but without the 
ganglioiiie structure, obtains in l\trodon and Dimlon, in a species 
of which latter genus I found tlie niyolon, fig. 171, m, only four 
lines long, in a fish of seven inches in length and mea' 
surlng three inches across the head. Tlie neural canal 
in tliese Plectognathic fishes is chielly ocou|)ied by 
a long ^ cauda equina,’ ib. c e. l>ut, insignlfi(‘aut as 
tlie niyclon h(‘re .seems, it is something more than 
merely unresolved nerve-libres : transverse white 
striie arc diseernible in it, witli grey matter, showing 
it to l)e a centre of nervous force, not a mere con- 
ductor. In the liOphius a long cauda eipiina partly 
coneeaLs a shor^myelon, whiidi terminafes in a jioint 
!it about the twelfth vertebra. In otlier fishes the, 
juyelon is very nearly or quite co-ext(;nsi\ e Avith 
tlic neural canal, and there is no cauda equina, or 
bundle of nervo-roots, in the canal: a tendinous 
thread sometimes tics the terminal ganglion to tlit* 
end o(‘ tiui canal. 

A sliallow longitudinal fis.sure divides tlui ventral 
surface, and a deeptn* one the dorsal surl*ai*e, of 
the inyeloii, into equal moieties: a feehle longi- 
tudinal lateral impression (fSliirgeon) suhdivides 
1hcs(? into dorsal and ventral columns ; in other lislics 
(Cod, Ilerrliig) these are separated liy a lateral tract, and six 
eolumus or chords may be distinguished in the myelou -- two 
dorsal or sensory, two ventral or inotory, and two latc'ral oi' 
restiform tracts. A minute cyUndricnl canal extends from the 
fourth ventricle, beneath (veutrad of) the bottom of* the dorsnl 
fissure, along the entire myelou ; this canal is not exposed in the 
recent fish hy merely divaricating (lie dorsal columns. Ihah 
lateral lialvcs of the myelou have grey matter in their interior, 
and white transverse stike. Altliougli many fishes (llreain, 
Dorslv) sh()NV a slight enhirgemciit at each junction of the uerve- 
roots with the*, myclon, tlie auattmiical student will look iu vain in 
the 1 ‘ecent Kcl, or .Cump-fish, for that ganglionii*. structure of tin- 
myelou Avhlch the descriptions oF Cuvier^ might lead him to 

CXTK'Ct. 

As the iiiyelon iipproaches the eiicoplmlon, it expands; and tlio 
following- (-hiuiges may be here observed in the Cod and Shark; 

x.xni ,i. p. 323; XIII. iii. p. 17 C,, 
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in the ventral columns a short longitudinal groove divides a 
narrower median ‘ ])re-pyrainidar tract, fig. 172, from a hroador 
Ijitci'al Sdivary’ tract, ib. hi iji the dorsal columns a median 
‘ I unicular ’ tract, ib. c, is suniiarly markiHl off from a lateral 
‘ post-]>vramidar tract, di this is now, also, distinguished by a 
dec])er fissure from tlie true lateral or ^rcstiform’ tra<?t, c, at the 
inferior part of which a distinct slcndirl^ poi lion is 
also soinolimcs defined. The post-pyi’anvidal tracts 
diverge, expand and blend anteriorly with the 
similarly bulging rcstifonn tracts, forming the side- 
walls of a triangular or i‘h(nnboidal cavity, i*ailcd ilic 
‘ I'burtli ventricle,’ fig. 17o, y : the pre-py raniidal and 
(divary tracts, running the floor of the ventricle, arc 
covered below by a thin superficial layer of trans- 
verse ‘ arcii()vm fibres’^ ib. w, concealing their 
boundary fissures. At the lioltom of the viiutriclo 
the nryeloival canal is exposed, and its sides swell 
and rise as rouiidcd or Mondial ’ tracts,- ib. from tlie floor of 
the ventricle, diverging slightly as they advance, and exposing an 
ijitermcdiate Mioduhir’ tract; this structure is well seen in the 
basking shark ( iSV/^/r Ac) : two lateral prominent Magal ’ columns 
also [ii’ojccd: inwards into the ventricle, from the conjoined rest!-* 
Ibrin and ])Ost-j)yraiuidal tracts; tlicse vagal columns present a 
series of nodules, fig. 17^1,* correspondiug with the fasciculi of 
the roots of the great vagal nerve in S<dar]u\^ 

In th(^ Cyprinoid Fishes llio mcalian inicrior tract rises into llie 
ventricle, and is developed into a smooth Iicmis]>heric mass, the 
Mioduliis,’ fig. 17S, ki the conjoined ]H>s1-}\y rami dal and rcstifonn 
walls swell outwards, and form lateral MagaT lobes, Iarg(‘. ami 
nodulated in tlie Carp, fig. 1 78, A, Avbich is so tenacious of life. The 
vagal lobes are enormously dcveJoj)ed in the Torpedo ; they join the 
h‘ig(‘ininal lobes, and pn^senl a yellowish colour In the re<*ent fish: 
many non-mndcated cidls are present in their siibstan(‘e ; they give 
origin to the nerves of the electric organs, and have been called 
‘ lobi clcctrici ; ’ but the vagal lobes are scarcely less remarkable 
hw’ their si 7 .o in the Clymnotus, where tlnyv have no direct eon- 
noetlon with any of tlie nerves of the electric, organs. In the 
Cod the vagal ganglions are obsolete, and the nodulus slightly 
Jewells above, and obliterates the Malamus scrlptorius.’ In the 
kueloperea the vagal h,>bes are not very distinct, but. they mark 

' iloinulogouH with tlie ‘ iilaivicnti nrciformi ’ of Rolando, lviit. p 170, t. i. lig. 2. 

' Tlu'se are callcMl ‘^vordcre iwrainidon" by Dr, Stamiius. i.vi. p. 43. 

^ XX. vol. III. p, 22; Prep. no. 1311 A. 

VOL. T. T 
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the couimenceineiit, and form the broadest part, of the very loii^ 
medulla oblongata, the restilbnn tracts diniinisliiiig in si/e as tliey 
advance. Tn no other Ver^dirates save Fishes are the vagal lobes 
and the nodal ns [)resenf:. 

The posterior ]>yrainids, which arc the anterior continuation of 
the posterior inyclonal cohnnris, diverging as they are ])iished 
aside by tin* deeper-seated hnicts that fonn tlie floor of the tbnrth 
vent rich*, and combining with the lateral cohnnns to fonn the 
corpus rc^stiforme and the basis of tln^ \agal lobi^s, again (prit 
those' columns, converge, ascend, and unite together above the 
anterior opening of the fourth ventricle: they there foijii either 
a simple hridge or commissure, fig. 17o, c, or are develop(*d 
upwards and backwai-ds iiito a gauglimiic mass, overarching tiie 
ventricle : this mass is the ^ ceteljellum,' figs. 174 -17'9, 0. It is 



formed chiefly by the post-pyramidal columns, 
luit doubtless derives some share of the ])rop(*r 
lateral or restil’orni fibres, as the result of the 
previous eonlliieucc of these with the post- 
pyramids, 

(‘erebellum retains its earliest eminyonic 
llirm of asimplecoinmissural bridge or fold in the 
parasitic suctorial Cyclo,>tomes, in the heavily- 
laden Sturgeon, iig. 17*4, c, and Ihdypterus,* 
and in tin* almost fildess Lopidosiren,^ fig. ISO, 
c : it attains its highest developoinent, in tlaj 
present class, in the Sharks, wh(‘,re it not only 
cov(n*s the fourth V(*ntricle, hut advances over 
the optic lobes, and in tlie Saw-fisli extemls 
beyond them to r(*st upon the cerebrum ; its 
surface is further extended in these nctivi*. 
])redaceous fishes by numerous trausverse 


folds, fig. 187, c. In most Osseous Fishes the 


cereliellum is a smooth coiwex body, hemispheroid, fig. 175, 0,<n’ 
transversely subellijitic (K(*l, fig. 170, <:), or longitudinally subel- 
liptic (Lepiilostcus), fig. 174, c; but it may be an oblong body 
(Dlodon), tig. 171, 0, or be dejiressed and tongue-shaped (Co<l, 
hg. 184,/), or oval, or jiyramidal (Perch, fig. 182, a); it is very 
rai*ely found extending forward, as in Evhmcls Amhlyopsis, fig* 
175, (\, over any part of the optic lobes; but often l)ack\vai*d 
over the wliola fourth ventricle, as in the Cod, fig. 184, /*, and the 
Diodon, fig. 1 71, c ; or over the major j)art of the ventricle, as in the 


XXV. p. 24, pi. ii. figs. 5, 7. 


xxxiir. p. 339, pi. 27. 
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/I(»rring, lif?. 184, c; but soractiiues covering only a small portion^ as 
ill the Chill), fig. 177, e, the Lump-fish, and the Lepidosteus, fig. 
174, 0. The relative size of the cerebellum, accordingly, varies 


17t 175 170 



greatly indiflbi’ciit liony fislies; it is very small in the lazy Lump- 
iisli, and extremely large in the active and warm-blooded Tunny, 
where, also, its snrfaee shows transverse groovings. 

The cerebellinu is nrisymmetrically placed in tlio ^ ^ 

Pih) and some riat-fish {Pleunynf'ditlat)^ and is 
iiiisymmetrieally shajual in the Sharks: it presents 
a longitudinal groove in the Diodoii, and a pos- 
terior notch in the Herring : a transverse notch di- 
vi<h‘s it into an anterior and posterior lobe in the 
Lophlns: itliears a evuciaJ depression in the Skate. 

The eerebellum presents in many fishes a small 
cavity or fossa at its under part, eontinued iVom 
the fourth ventriele, fig. 178, c: it is solid in the 
Tciich, the Gar])ike, and the common Eel : some 
grey matter is usually fouiul in its interior, with 
fcel)le indications of white striie; but there is no 
‘ arbor vitie,’ except in the Tunny and Sliarks. 

The posterior '■ crura ccrebclli ’ are formed by 
llui posterior i)yramlds, fig. 172, </, with ])art of the restilin-in 
tracts, ib, c; vertical fibres from the sides of the cerebellum 
t’ontinue to attach it to the 
failles of the rcstifbnn or trige- 
lobes, and some of those 
‘ire continued as arciform fila- ^ 

aients upon the under surlaee 

the medulla ulilongata: they so.ium of m-aiu. (rar,. 

answer to the ^ crura ccrebclli ad poutein ’ of ^Mammalia ; but, as 



nraiii ami portion of 
spinal niamiw of 
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tliere are no lateral lobes lu tlie eerebellinn in Fishes, these cvnra 
are nKliinentary, and thc‘ ])ons’ is absent . In the Shark they 
connect the sides of the laise of the cerebellnm with the ^rcstiforni 
cominlssiirc,’ fig’s. 172 & 187, /. In most Fishes two faselculi of 
inedullary fibres proceed, as ^anterior crura,’ IVoin the under, and 
fore ]>art of tlie eerel)elluni, or converge (roni tlu? lateral and foi'e- 
]>art forward, to forni the inner wall or sci»tmn, fig. 184, r, of the 
optic lobes : these answer to the ‘ processus a cerebelh) ad testes ’ 
of the human brain: tliey are connected below tlieir origin at the 
under part of the cerebelbmi by one or two transverse fascicaill of 
white fibj'cs, forming the ‘ commissiira atisnlata,’ Avhieh ennsses the 
pre-py ramids just behind the Mivpoaria,’ lig. ISo, //. The inferior 
wliite surface ot‘the cerebelliun, wdneh Ibnns the roof c)f the tburth 
A’cntriele, is called * discus cerebelli,' and from tliis |)art small tuber- 
cles project in a fcAV fishes (e. g. Ulrniuna and Stnrio, fig. 17.4, C). 

The restiibnn colmnus, (piitting the ])ost-pyraniidal crura of 
the cereljellum, and having (dlveied by their pre\ ions coiiHiienee 
therewith sonie intorehauge of filaments, swell 
out at the anterior lateral parts ol‘ the iucMlulla 

f oblongata, and giN C origin to the great trigeminal 
nerve. They here t'orm (‘onsiderable ^ t rigeminal 
lohes’jii the Loach and Herring, fig. 184, /, and 
arc folded or Mimlnhite’ in 17t), (f (h 

and most IMagiostonics, where they arc closely 
conneeted with a thick vascidar mass of pia 
mater and arachnoid. The trigxaninal lobes ai*e 
I eouvolntc in the Skater ; enormous and Idended 

j with the. vagal loixvs in the Torpedo; but inmost 
^ Osseous Fishes ( f^etjidostens, (\)d) they are nor 
^ developed so as to merit the name of lobes. In 
the (Jod the inner surfaces of the restiform bodies 
]»roject into the fourth ventricle, and obliterate 
the fore part of tin* calamus by meeting al>ove , 
it ; this (‘.oinmissure, which is beneath the ecre- 
belliim, is the ^ eommissura restiformis,’ fig. 182. 
f- It is remarkably developed in (Mrc/taruis, wliere 
it seems to form a small snpplomental eerebelimn 
ijrainof rv; l)eneath the largr^ normal one; in fig. 172 
flic medidla oblongata is cut across, the fourth 
veiitri(4e exposed from beliind, and tlie restiform commissure, /, i-^ 
raised: it has an anterior and |K»stcrior me<lian tmteli. 

The primary tlivislon of tire brain, wliieh eons.ists of the medulla 
oblojigata with the cerebellum and other less eoiistaiit appendages 
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liniii of I'ri'cli, mij'i'r ."iur.-it’*’. \xnr. 


iTi Fishes, Is called the ^ epencephalon,’ fig. 179,/, c, fig. 178, //, c ; 
it is relatively larger, oceiniies a greater proportion ot‘ the craninm, 
and is more c‘om])lex and diversified In this thaji in any ol* the 
higher classes of Vertel)rata. ^ 

The next sviceceding primary division of the brain is called the 
^ niesencephalon,’ figs. ISO & 181, Z>, c, /': it is iisnally the largest 
division in Osseous Fishes, and con- 
sists of two iippers[)h(iroidal bodies, 
called -'optic h)l)es,’^ figs. 176, 177, 

180, h (in most ot‘ the figures, o), 
of two lower snl)s])herical bodies, 
called ‘ li^'|)oarIa,’^ figs. 1 78, LSo, w, 
iig.'lSl, c, with intervening con- 
necting walls enelosing .a eavitv, 
called the ^ third vtuitricle,' whi(*h 
is prolonged downward into the pedicle o(‘ the ‘hypophysis,’ or 
pitnltary gland, fig. iSo, and upward into that oi‘ the - eona- 
riinn ’ -or pineal gland, fig. I7d, /r. The [a*e[>yrainidal eolnmns 
are continued forwards, along the floor of the fourth ventricle, 
where they are covered by a thin laym* of inedrdlarv fibres, to the 
hyposiria and ]>rosence|)bahm : some iibres blending \vith tlie wall 
of th(‘ third vcMdrieJo and the Imse of the optic loix's. The 
(ransverse ‘ansuhite’ eoimnissnre,'*^ whielv imites or crosses tlie pre- 
pyramids l)efore they ]Kmetratc the hypoaria, may be regarded as 
the most anterior of the andforni fila- 
ments, Avbich feebly represent the 
pon.s Varolii in Fishes. Therestifonn 
Columns are cxpend(Ml ehiefiy in form- 
ing the walls of tlie third ventricle and 
llie, base and exterior walls of the oyitic 
iolies, a small part only" being con- 
t Mined Ibrw^ards to the cerebrum in most Osseous Fishes. The 
anlerior cerebellar crura arc eliicfly lost in the inner walls or 
septum of the o])tic lobes. , * 

These lolies are eoinmonly of a subsplierieal figiirii, and larger 
than the cerebral lobes, as in figs. 177, 180, 171, 184,o; they are 

often larger than the erereliellum, ib. ib. ; but oi‘ nearly e<jnal size 
’'Yith tluj eercbelluin in the Fel, fig. 17(); they are smaller than 
the cerebral lobes, Imt larger than the cerebellum, in the Pidypterus 
n.nd Lepiilosiren, fig. ISfi, o; they arc smaller than eillier the 
corebrinn or eercbelluin in the AwbbfopsU spelcuiiSy fig. 175, o, in 



i.ir;!iji 1)1 ivn-ii, iiutliT 


‘ Lobes crciix/ Ctivicr. ♦ Lobes inierieiirs,’ lb. * LVli. pi. iv., tig. 7, /. 
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fhc Clumrcra, fig. 179, o, and in the Sharki^, fig. 187, o. In 
tlie latter tliey liear the same proportion to tlie optic nerves 
and eyes as in. other fishes, their small relative size dej lending 
on the advanced* (.levelopemcnt of both cerebelluin and cere- 
brum: in the blind Ainblyops of the subterraneous waters, 
the diminution of the o[)tic lobes relates to the almost total 
abrogation of the visual organ ; but since both in the Amblyo[)S 
and the eipially bliiul ]\lyxinc these lobes are iiresent, they 
cannot be exclusively the central ganglion of the optic nerve, nor 
their sole funclion that of receiving the iiniiressions of the sense 
of sight, and making them jicrceplible as ideas l>y the ajiimal. 

The optic lobes are hollow in most Fishes, fig. l(S2,./>. The 

exterior surface shows blended grey and white matter, the Avhitc 

fibres usually converging to the ojitic 

nerves; some of ihe fibres unite with 

'the anterior crura, of the ccrt^iellum 

to form the septum of tlie optic lobes, 

fig. 184, r, wbieb consists of two or 

four medullary fasciculi, decreasing in 

the Tench, increasing In the Ood, as 

they pass forward. On divariwiting 

,tl}c optic lobes from above, as in fig. 

182, or by a horizontal section, as in fig. 183, tlielr cavity, r/,.or 

ventricle, is ex|)oscd : it commnnleates with the exjianded myclen- 

eejihalous canal, called ‘third’ and ‘J'ourth’ ventricles, as shown 

‘by the hrlsde, y. Its floor is variously configurateil in diflenuit 

fisluis. There arc one or two small Avhite tuliercles, ‘ tiibeiruli 

optici/ figs. 182, 183, c, on eaeli side oi* the back ]>art of the se])tuin; 

the Cod, rtaliiion, Pike, and Perch, show IVmr of these liodies; the 

Car]) and Herring, fig. 184, ^ Iwo: in the Carp they arc obloia;’, 

juxtaposed, and were called ‘tuberculum cordiforme’ by Haller;* 

they ai'c not present in the P<.ilyj)tm‘us, Lephlosiren, Sturgeon, or 

Plagiostomc fishes. External to lliese tubercles the floor oT th(J 

ventricle usually rises into a^curved eminence, with its convexity 

outwards; this is the ‘torus scrnicircularis ’ of Haller,^ fig. 184, 

It is not homoh^gons with either the ‘ thalamus opticus’ or.tlic 

‘ cor|ms striatum ’ of the mammal’s brain: In the {''arp, where 

the great physioh^gist first doscribed ami named them, tlie ‘ tori:’ 

are large, and inuch curved; in general they dcscrilfc 'only a 

• *\ 

' .tn Safmo Umbla Haller cnlls them ‘corpora quaarigemina/ as docs Cuvier, in 
Perea Jlin itiiilia : tliey arc analoj^ous iu form to the parts so named, in Mammals; 
htit arc not homolo^^ous tliorewitlij^ 

' - Lix. t. iij. p. 201. 
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siiujl })oriion of a circle, fig. 182, /i; and in some bony fisli,as the 
Garpike, Loa(*h, and Liiinpfisli, they arc scarcely raiscid al>ove 
the level of the floor of the ventricle. They arc not deve- 
loped in the Polypterus, the Le})i<losircn, 
or the higher PI agios tomes ; and botli tori, 
and tubcrculi arc peculiar ichthyic devcloj)e- 
iviciits^ in the ventricles ^f the o])tic lobes. 

The bottom of life optic ventricle, figT 184, 
anterior and external to the ^ tori,’ is grey, and 
usually promiiumt, with wdiite libres radiating 
riirough it to rise and expand upon the walls 
of th(*. loI)es. The f>pilc lolfes lu^vc almost 
coalesced in ^he Sturgeon, lig. 274, o, Poly- 
pterus, laepidosiren. And)lyo]>sis, and Loardi 
(Vb^//7.s). Where thgy ai*c <juitc distinct 
externally/ as in most Osseous Fishes, they 
are bivnight into mutual comm unication by one 
or two commissures; the anterior ‘ conmilssura 
transversa’ is the most constant; it is shown 
in the Perch, fig. 182,. and in the Tierring, 
fig. 184, .v; it ])assc^> in front of the entry to 
the tlih’d ventricle. 

In the JMyxinoand Lepidosiron the |^)repyramidal fibres curve 
suddenly I’orward and upward before cxjiamjing into the 
lloor and sid(?s of tin.* third ventricle, and they thus form a 
small protuberance; l)eiieath the basis of the ot)tic lol)es, fig. 
i8(),2'. In* the Slpirk the salne columns swell out laterally, 
and form two smalt jirotubcrances, fig. 187, //, so [la rated below 
l)y the vascular (hyiK)i»hysial) floor of the third Yeutriclo. In 
ni^)st (Isseoiis Fishes the corres- 



!iinl [lorlittii nf inydoi 
(.'till. »(’xv;. 


])oiuling fibres of the jirepyrami- 
dat tracts swell out suddenly, bc- 
iieath tlic optic lobes, linto two 
protuberant well - defined oval 
ganglions liypoaria,’ fig. 185, v, 
fig. 181, c ) : their bulk is increased 
hy added greV matter, wliicli 
^ aric^atos 'their outer suffacc ; . 
flicy are ^^cl^ developed iu the 
common Cod, in*>vhich, as in some * 


181 18 i> 



of lijMin : (Vu! 


other •fishes, they contain ti cavity (liypoarian vcntrhde). In soine 
^Sahnonhha their siirfacc is striated ; in some Cy/?r//uV/rc (Tench) 
they arc confluent; hlit commonly they arc distiiict, and have in 
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thclr inferior interspace a vascular iue<liillary depressed sac (the 
‘ Ivtcnialosac,’ fii*'. 185, o\ usnalfy oldmio;, as in tlie Cod, rarely 
bifid or cordifonn, as in the ijninpfish. Tliese prominences from 
the floor of tlie nu'sene.ephalon, posterior to the iiifiindibnlum and 
hypophysis, lb. are peculiar to the brain of fishes, and, in their full 
developement, are rcstivieted fo the ty|)lca.l osseous member of the 
chiss ; tliey are absent in the hovesi, and disappear in the ly;^hest 
orders; tliey are mere rudiments, or are wantinii^, in the Poly- 
pteriis, as in tlie still more ainphlhioid Lepidosii’en. 

The true vaseulo-membrauous iufundihular <Jo\vnward ])ro» 
lomxation of the third veiitriele exists iii all Osseous Fisli(‘s, and 
extends from tlie anterior iwi^le of the hyjioiiria, where these 
exist: tlu* infuiidibulum is eoium<»n]y short and thick, so that the 
liypophysis is ahnv»st sessile, as in the Cod ; but in the Lo[>hiiis, 
tlie infundilmlinn is Ion^•er than the. entire brain, and the hypo- 
[ihysis lies at the fore-part of the cranial cavity, far in advances of 
the cerebral lohesj In tlio (axl the hvpoplivsis, fie;. 185, //, is a. 
suhspherieal mass, with an irregular or slightly nodulated surface, 
almost half the size of the liumau, so called, ‘ pituitary gland,’ 
and illustrating the vast - proportional size of this constant 
appendage to the brain of Fishes, lu the Lepldosireii the iiifiin- 
dibuhim is wide, and the liypojihysis a ^v'hitc flattened discoid 
body, fig. 180,^^*^ In al^ J-^if^hes it is ruddy supplied with vessels, 
and. is closely attached to the floor of the craiiinm ; hut, although 
its early developement cheeks or modifi(»s that of tlie cranial 
vertidine, it is not ])rovid<*d with a special chamlier or ‘ sella,’ 
The prolongations of the fibres from the meseneejiTialou which 
expand into the pmscMiec'phalic or proper cerebral lobes rarely 
show any preliniinary developement of Mhalami ;’ hut tlie parts 
homologous with those reeriiiting ganglia are (lonstantlv imlieati*d 
1)V the attachnu.Mit of the eonarium, or u])|)eL' jirolongatioii of the 
tliird ventricle. 

The eonarium, figs. 175, 18G, 187, w, ts as eoiistaiit an append- 
age of the ene(?])halon in Fishes as the hvjiofihysrs ; but it is eoiiw- 
monly only a vasc.mJo-memhranous pyramidal sac continued from 
the tliird ventrielo, the liase expanding from between the anterior 
interspace of tlie optic lobes, and the apex directed forward and 
attached fo the roof of the cniriium. ' Some medullary matter 
minghis with the menibranoius walls of the eonarium in the 
(Jlu|feoid and Cypriuoid Fishes: in some Fishes there is grey 
iiijittcr in the Conarium: in most it is membranous only, as ni the 

' LX. p. .')(). t. ii. fig, 1. 

“ The hypopliysis is marked ^ in xxxiii. pi. 27, fig. 4} aiul is ‘Jailed ‘ iniirnmilliuy 
body’ in Lepidoairen anncclahy^ ib. p. .361, 
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Lcpidosircn, StiirgeoiL and Shark: in all it is highly vascnlar. 
In the Bream the conarium sliows an analogous ])eciiliarliy to 
tluit of the liy[>oi)I)yt^is in the Angler, viz. in the length atvd 
tenuity of its attachinent ; hut this cojisists of two distirH*t crura. 
The value of the (•onstancy of the hypophysis and conarium con- 
sists chledy in their marking the hoiindary line l)etweeii the mes- 
and pros-ence})hala, although they*helong to the niescnc(^])halon, 
and are both essentially vertical prolongations of the third ^ en- 
tricle through an interspace produced by the divarication of the 
inaiii lateral columns of tlu^ encephalon. 

The fasciculi (XJiitimicd forward from llic parictes of the third 
ventricle oi* meseTiccphalic basis, -are prlncit)ally tliose wbi(‘h' may 
he traced back through the epcncephalon to the ^interior and 
lati‘ral myelonal tracts, augmented by li))res IVom the grey centres 
or iohes through which they have passed, and retaining a small 
admixture of post-])yramldal fdu’es troin the opti(*. septmil, 
fig. 184, r. in Osseous Fishes the two cerebral crura, so cou- 
slitutc<l., randy niulergo any enlargem(‘ut, homologous wkli the 
‘ tlialami,' wluu’c they form the anterior boundary of the third 
‘ventricle ; but after a very brief course, as ^ crura cerebri,’ fig. 178, 
.r, radiate into t wo small subsidicrical ^ proseiiccpbalic ’ masses of 
grey matter, ib. p, situated anterior to the otitic lobes, and there 
in great jiart ti'rminate. A few of (lie miMliiIlary lilires extend 
along the base of the [)roseuce})halon, receive a small tract of ‘its 
grey matter, converge to the anterior Inters|)ace of its lolies, and 
cilhcr expand there into M-hin^.nce]>hala,’ figs. 174,170,180,11, 
or are coiilinued forward and outward, as ‘ rhlnciicephalic crura,’ 
figs. 178, 187, -S', to form the olfactory lohes (fi^ gmigUa, 5b. u, 
at t-^ome tlistaiice from the brain. Although the proscncephallc 
lohes are commonly in contact with the optic lolics, yet something 
analogous to the dis|)hiceme.ut of the rliinencephaloii may be seen 
in the |)rosencephah)u of- the Chinuera, in which the cerebral 
crura, fig. 17!), h, advance some way belbro they expand into the 
[iroscncephala, P : in the, l^ktgioj^hunes, also, the prosencephalic 
crura, fig. 187, r, have a sliort indopeudent u*act ni advance of 
the optic lohes. 

The ])rosencephala, figs. 177, V, 180 aii^l 182, c, 183, /y, in 

other figs, p, are distinguished from the optic lolies by their 
grey pinkyi exterior, and, generally, also’ by their fissured 
or noilulatcd surface. The first of those characters imist he 
looked for in recent fish; the second is more jicriiianeut.* With 

’ XX. v-ol. iii. it inny ho seen in prepnratiuns of tlie brain of fijc Eel {Anguilhi ncuti- 
rostins^Jso. of the Liimp-hsh {Ct/chplerus^ No. 1301), C'); of the Ouni;ir(l 

i^Triijla lyra. No. moil, 1)'); ami espceiiiUyin tlii.s .specimen of the brain of the Cod 
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regard to the ^cerebrum’ of the Cod, a median tract or co’n- 
vokition is marked olf by a longitudinal fissure, whicli extends 
the back of each prosenceplialon, defining a posterior and 
inferior convolution ; the median convolution is vertically fissured 
on its inner side. In the Amblyojisis, fig. 175, it is clett 
anteriorly ; and here, as in most fishes, the median longitudinal 
tract Is the lAost constapt subdivision of the prosence[)]iaric 
supeidieles. 

The large^elongated proscncciihala are smooth in Cliimjcra, 
fig. 179, r, Polypterus, and Lepidosiren, fig. ISO, r, and in the 
j stil I more developed confl uent mass 

, ii> the Sharks, fi<x. 187, r ; tlie 
jirosenccpliala are, also, sit) 00 th in 
/|i|\ the jVlyxines, where llie\^ are rela- 

iwiAy Ksmallest. l''hc comparative 

Brain of Lniiidosircii •* , . , . /••it. 

• anatomists, who Jiave tailed to 

recognise the triu! homology of the prosencephalon in Osseous 
Fislies^i appear to have been misled ebiefly liy its small proporfinnal 
size, which is cominduly that exhibited in the brain of tlie Cod, 
the Carp, and the (Mobc-fish : In some s]>eeies tlur proseneephaloii" 
.is even smaller, as in the Gar-fisli, the Herring, or the Lump-fish. 
The proseiice[)l)alon erjuals the eerobelliim in size, but is less tljaii 
the optic lobes in the Perch and Dream ; if e(pials the optic lobes, 
but is less than the cerebellum, in the Eel ; in the Stickleback 
and Gurnard the iirosencejdialon exceeds the (•.er{d)ellimi, still 
luoreso in the Lopidosteiis, but Is^IokSS tliaii the o])tic lobes.; in t]ic 
Luciopcrca, the Amblygpsis', the Chinnera, and th(j Skate, neither 
the 04nobclUim nor the optic lolies are so large as tlie proseii(‘e- 
phalon^ ill . the large Sharks their united size scarcely equals Hiat 
of the jirosenceplialon ; and in the Salamandroid Poly pterus and 
the Lepidosiren the jirosenccphaliC lolics surpass all the rest of 
tlic brain, and vindicate their true cerebral character atid imj)OJ*- 
tance. In the Aniblyopsis the relative magnitude of the jirosen-. 
ceplialon Is due to the diminution ol* the o[)tic lobes in that lilind 
fisli; ill the Plagiostomcs it is due to absolute developemcnt ; as it 
is, also, in the l^)lypterus and Lepidosinm, where the pr5sence- 
plmlon presents the clpsest similarity in form and structure fo that 
division of. the brain in the DatTacliian lieiitilcs : , each lobe, for 

• * . *■ -i, . 

(No. 1300), which Hunter truly, though briefly, rlescribes as follows The cerebrum 
flsfcurcd; iha cerebellum a long projecting body, also fissured in a le.ss degree; the 
wa/<?.v two projecting* bodj’fis: the optic nervea decussate one another.*’ This is the 
earliest recognition of the homology of the optic lubes' with the anterior of the bigemi- 
nal bodies of the human brain. 
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example, is elongated in tlic axis of the skiill, and is of a aub- 
eomi)i‘essed oval form, and has a large " lateral ventricle’ in its 
iTiterior in the Lci>idosircn, fig. 186,7 v. ‘ In the Skate, the pros- 
encephala coalesce into .a subdepvessed transversely elongated 
juass, their essential distii\ctk)n being indicated by a mere super- 
ficial median fissure; in* Carcluarias, fig. 187, the prosencephalon 
forms an alnVost globular mass', with^ scarcely a tracc.of a median 
fissure. vViPong bony fishes tlie 
[irosertccphalic lobes are more 
or less confluent in J^viopcrca 
sartdrn, Tnwhhnis draoo^ Sar-' 
i/vH, MnUm^ Sromhrr fj'ftchumfi, 

Jjf'loiie, Cln/wa liarnifjuiij and' 

Clupm spmltus ; tliey a jipcar 
(iisti net symmetrical spheroids 
in most otlier fishes, tlicir union 

. 11 n Ui’jiln oT Sl.ark, CV/r<- 7 i(/r/V»s 

IxMiig roductfl to a small trans- 
verse, medullary band (proseneepbalic rommissurey The sym- 
ineh'ical character of the prosencephala, as of the optic lobes, is 
AViinting in most Pleimmedidu^. 

The grey vSscnlar neurine forms the greatest part of the pros- 
enccjilialon inmost Osseous Fishes; the white fibres radi<1te through 
this, and rarely ;ipj)ear on any part of tli(^ exterior surlace; the 
white substance, however, predominates in the Plagiostomes and 
Leiiitlosiveii. As a rulo;^, the pvoseneejihalic lobes arc* solid; duit 
the lirain of tV/yY7///rm,s' shnws a deep ventricular fissure at the 
anterior and under jiart of the ])roson<*ephalon, with a vascular 
fi)ld of^mcmbraiuror ‘ choroid plexus’ penetrating the tissiu'c, 
which is .conthmed forward iyto the erns of the oll'aclory lobe., 
'I'he hiteyal ventricle is iiiore extensh’e in the Lepidosiren, and is 
continued directly iiitathe olfactory lolie. 

The ^ rhincuccphalon ’ ftgS. 173 — 176, H, consists of two always 
distinct h»l)cs- of grey matter, which receive the prolongations 
of chiefly wdiitc fibres from the prosenccplialou and its crura, ancU 
give o(F the nerves to the jilfiictory capsule, whence they arc 
termed Sfifactory lobes,’ / tubera,’ or ‘^ganglia.’ The rhinence- 
])l»ahi arc, solid bodies, aljvaVs distuK't, wide apart from each other 
‘ Avheii remote from, and in mutiial contact \vheif near to, the rest 
‘Of the brain, but never united by a commissure. The rhincnce- 



* Cams well recognises tlie hptnology/>f this commissure with that of^ho corj'us 
BtriMuni, called ‘ aiilerior commissure’ in the Iitmiau brain, i. p. 24. 

* tNo. 1»10, A).,sx. vol. iil. 
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phalic crura, figs. 171, 17o, 178, 187, 7.^ vary exceedingly in lengtii. 
In the Lepidosiren, fig. 180, tliey arc feebly indicated liy a con- 
timious indeiitatiDn circiuiiscribing the base of the rlilnenccjihalon, 
R, ftiid deiining it frcnn the anterior ei^d of each iivosenceidialic 
lobe, V ; in Po'lypterus and Lepidostans the indentation is deep(;r, 
and the attachment of tlie base of the now pyriform rliimmce- 
phalon, fig. 174, ii, sinks to tlie jirolonged cnis or basis of tlic pros- 
encephalon. From this substratum the rhinence[)halic crura are 
prolonged in all (Isseons Fishes: in some they are so short that tlie 
rhinencephala are partly overlapped by the prosencej)hala ( VV/V/Zf/), 
or rise into view immediately in front of them {Amhlifopsis, 

* AmpuUft, 170, R, I Cj/clopferns) \ but in many fishes the 
rhinence])liala ai’c developed far in advance of the rest of the 
brain, and* their crura are prohniguKl close to the oltactory cap- 
sules. This has led to a denial «>f the existence of olfaclory hhes 
in such fishes; but the rhinencephala are truly |)resont in both 
the Cod and Carp, fig. 17S, ii ; they are merely removed to juxta- 
position with the olfactory capsules, with a concomitant pro-, 
longation of their crura, ^rhese ciaira, so prolonged, ib. z, liave 
been called ‘ olfactory nerves’ by those who, failing to* ajjprecia to 
the time homology of the remote ‘ rhinencephala,’ lun e descrilied 
them as ga"nglioiiic swellings of the ends of the olfactory nerves.' 
These ganglions, wherever situated, consist of. j)roj)cr -^nervous 
matter over and above the more radiation or exjuinsion of the 
fibu:*s of the so-called ‘olfactory nerves.’ The true olfactory 
nerve quits the rhineneephalon as a ])lexif()rm chord, or as agrou}) 
of distinct iil)res. If tlie thick olfactory nerve of the (iiirnard be 
i^)mpared withyhc tliick rliineueepharu'. crus oFthe Skate, ^or If the 
long olfactory nerve of the Eel be (*ompai’(Ml witb* the long rhlu- 
ciiceplialic crus of the Chid), fig. 177, /^, tlufir i‘es[>e(.‘tive dilfereiuMJ 
of structure will he readily appreciated. Tlu'. crus is a ciimpact tract 
of medullary Avltli a small |>ro[)ortIofi of grey matter ; the nerve 
is a bundle of nerve filaments : the lucdullary tract of the erUvS 
•is fibrous, but the fibres arc* as fine as in the crus cerebri, and 
much more numerous and less easily separable than in the Irue 
olfactory nerve. In this there is no grey tract: it consists wholly 
of comparatively large and readily yoj)aml)lc white fibres’, whlcli 
radiate at once ujimi the olfactory ca])sule ; .the ilivergencc and 
radiation of' the true end of the olfactory nervcj is well seen in 
the Le[>idosiren, fig. 188, i^oL In Sharks a ventricle is continued 
to each i*lilnenc^e[)halon along its crus f roiu the proseucephalon. The 


^ Caiiipcr, Lxr.^p. D5; Cuvier, xxui. p. 321..* 
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olfactory nerve never forms a ganglion before spreading upon 
the olfactory capsule ; the rhineiicephalic! cruvS^ Avhen prolonged 
to the capsule, always expands into a ‘ tuberculiirn ol factor! inn,’ 
or *rhinenceplialon, before it transinits the true olfactory nerves to 
the capsule. In other words, the olfa(*.tory nerve conveys ini~ 
])ref>sions to a ])rbper centre or lobe, which, in Fishes, may be 
situated close to the capsule, or (J4)sc to the rest of the l)i-airi, 
and the length of its erns will he inversely as that of the nerve. 
The olfactory lobes or rhinencephala are serially homologous with 
the o])!!!? lolies. As to the proseucephaloii. since this does not 
inniKMl lately receive or transmit any nerve, it reseml)l^?s in this 
linj)ortant character the cerebellum, and ]>roceeds, even in the 
present class, to be (hnx;lop(‘d to a degree beyond the ganglions 
of any s])ecial nerves or organs of sense. 

The more special homology of the proscn(‘(‘plialic lobes, 
under their normal ]n*oportions and solid structure in Osseous 
Fislies, witli the jiarts of the complex and fully developed prosen- 
cephalon in Mammals, will be ma<lc manifest as we trace the 
progress <d‘ that (‘omiilieation syntheticallyi Ciivi(;r had already, 
liy the opposite course of analysis, reduced the hemispheres 
in birds to the ‘ corpora striata,’ with tlnvir commissure's and a 
thin supraventricular covering. ‘ Le corps can neic,’ he says, 

‘ forme a lui seul ])ros<]ue tout Jlumiisphcn*.’ ^ But he failed 
to recognise the homology of the prosencephala in Fishes. 
Since Arsaki’s time ^ their homology with the cerebi'al lobes of 
Ib^ptiles, Ibrds, and Mammals has been generally recog- 
nised. (lirgensohn'^ says tlicy may well be compared with 
the ‘ corjiora sti-iala ; ’ but be notes tlic iinfiortant difference, 
that, whereas tliese ‘ transmission ganglia’ (dftrohf/trnr/slniofcit) 
give jiassage to the radiating fibres of the cerebral crura in 
their course to other parts of the cerehriiin in Mammals, those 
fibres terminate in the solid proseiK*e])hala of Fishes. The 
establishment of the lateral ventricles in the prosencephala of the 
Flagiostomes and Lepidosiren also show them to he something 
more than ‘ cor|>ora striata,’ 

It now becomes important to note the mode of establishinont 
of these cerebral ventricles : they arc not formed by tlie super- 
addition of a layer or film of ncurinc overla]i[)ing parts answerable 
to the solid hemispheres in other Fishes, but are either central 
ex(‘avations, as iu the elongated prosom^ephala of the Lejii- 
dosiren, fig. 1S6, h, or they are deep fissures towards the iiiKler 
part, as in the coalesced hemispheres of the Shark; whence I 

* cc. t. ii. 1799, p. 1G2. 


® Liil. 1813. 


® Lxiir. p. ITjO. 
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conclude that the solid |)n>sencc})}ialon of Osseous Fishes is not 
a mere representative ol* a basal ganglion forming tlio fl(K)r of tlic 
ventricle of the hemispheres in the liigher Vertebrates, where such 
ganglion is ’a medium of transmission or source of accession* to 
the cerebral fibres ; but that the fish’s prosencephalon is the scat 
of the terminal expansion of the radiating medullary fibres of '‘the 
cerebral cnira. Uisscction of the I'ccent brain shows, as in 
fig. 178, r, that these fibres,' besides being* blended with grey 
matter, as in the corpora striata, are thickly covered with a 
layer of the same grey and highly vascular neurinc, of which, the 
heinisphei-ic convolutions in Alammals arc (‘liicfly formed ; itnd it is 
interesting to perceive on the siiperficios of the solid prosence- 
phalon in many fishes the foreshadowing of the convolutions, 
Avliich are not fully established until an advanced Mammalian 
grade is attained. The ])roseiice])lialon of the" fisli is far from 
being a miniature model, but it may be regarded as the potential 
rei)resentative, of the cor^iplex cerebral heniisi)h(n*es of man. 

The average ])roportional weight of the brain to the rest of 
the body in Fishes is ais 1 to 3()()0, In a eliul) {f.f'f/ci.scifs (]//-- 
prinus) weighing 842 sci'uples, the brain, exclusive ot‘ the olliietory 
lobes, wjpighcd one scruple; in a car)) {Ci/jfniiUf; weigh- 

ing 11,280 grains, the brain weighed 14 grains; in a Jaihprey 
wcigliing 750 grains, the brain weighed half a grain. A certain size 
seems to be essential to the performance of its fuiictions, as a 
recipient of the knpressions from the organs of sense ; and it 
does not, therefore, varydn different species so as to a(?cord ])re- 
eisely with tlie general hulk of the body. Tlie size of the optic 
lobes, e.g. has a more constant and dii'cct relation to tliat of the 
eyes, whlcli soon acquire their fidl developemont. AVe find the 
entire brain proportionally greater in young than in old fislies : 
it acHpiires its full size long before the termimitlon of the 
growth of the fish, if this lias a fixed period. But as the 
head must grow with the growth of the fish, under the con- 
ditions of its ])rogressivc motion, jirovision for occiqiying the 
inc.reasiiig eajiaeity of the cranium is made by a con(!omitaut 
developemont of the light cellular arachnoid, wliich has the 
further advantage of regulating the specific gravity of the head. 

As the branchial respiration h a jiecullarly active and im- 
portant function in Fishes, and has an extraordinary ajiparatus of 
bony or gristly arches with their muscles, we may associate there- 
with the jiecnliar developemcnt and complexity of the medulla 
oblongata, as the centre of the vagal or resiiiratory nerves. The 
Carp and other Cvpriiioid Fishes, wliicli liave not tlic mechanical 
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inodrficatloiis for retaininf^ water in contact with the gills, m 
cliaractcrfstic of the Apodal, the Lojihioid, and Labyrhithi-bj-aiuh 
lisiies, are remarkable, nevertheless, for their tenacity of life out 
of water ; iind the peculiarly developed vagal lobes may relate to 
this maiiiteiiance of the jjower of the respiratory organs during a 
suspension of their natural actions. 

The extensive gradation of the >ecrcbelluin between the ex- 
tremes of structu]*e ])rcsentcd l)y the Myxinc and the Shark, 
as might be expected, throws more direct light 'upon its function. 
With regard to this, two views have been taken.^ According to 
one it is the organ of amativeness according to the other it is 
the seat of the muscnlar sense, or the regulator of voluntary 
motion. Many experiments in which’ the cerebellum has been 
mutilated or removed in warm-blooded animals sui)port the idea 
of its intimate relation with the locomotive powers. Ihit to the 
conclusions from these experiments has been objected the^ pos- 
sibility of th(^ convulsive muscular phenomena having arisen from 
tlie sfinmlus on the reinainlng centres, occasioned by the mutilation 
or destruction of the one in question; and it may w'cll be doubted 
w’hether Nature ever answers so truly wdien jiid/to the torture, 
as she does when sjjcaking voliiiitarily througl) her own exjieri- 
ments, if we may so call the ablation and addition of parts which 
comparative anatomy offers to onr contemplation. 

If, in reference to the sexual Iiypothesis of the cerebellum, we 
contrast the Lamprey wdth the Shark, we shall be led, by the 
mu(‘.li larger pro])ortlonal size of the generative organs in the 
lowin’ cartilaginous Fisli, and from the observed fact of the male 
and female Lampreys entwining or wu’eathing themselviis entirely 
about ea(!h other, mutually aiding in the expulsion of their 
r».*spective generative products, and so absorbed in the passion as 
to pei’init themselves to be taken out of the waiter and replaced 
th ere, without interruption of the act, to ex[)ect a larger cere- 
bell inn in the Lamprey than in the Shark. But the A'^cry re- 
verse of this is the fact: the Lamprey has the smallest, and 
the Shark the largest, cerebellum in tlio class of Fislics. If, 
on the otlier hand, we compare the Cyclostome and Plagio- 
stome (hirtilaginous Fishes, in reference to their modes and 
powers of locomotion, we shall find a contrast wdiicli directly 
accords with that in their cerebellar dcvelopemmit. The Myxinc 
commonly yiasses its life as the internal ])arasitc of some higher 
organised fish: the Lamjirey adheres by its suctorial mouth 
to a stone, and seldom moves far from its place: neither fish 
possesses pectoral or ventral fins. The Shark, on the conti'ary, 
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unaided by an air-l)ln(ldoi% sustains itself at the surface of the 
sea, by vi<^orous inuseiilar exertion of wcll-dcvelo] K‘d pectoral 
and caudal fins, soars, as it wei*c, in the ujiper regions of its 
atmosphere, is ])roverbial Ibr the rapidity of its course, and vsul)- 
sists, like the Eagle, by pursuing an<l devouring a living prey: 
it is the fish in which the instruments of voluntary motion arc 
best developed, and in which the cerebellum ])rescnts its larg(‘st 
size and most complex slructurc. And this structure cannot bo 
the mere concomitant of a general advance of the organisation to 
a higher type, for the sluggish Kays, that grovel at tl»e bottom, 
thougli thcyco})ulatc, and have in most other respects the same grade 
and type of stnictiirc as tlic more active S([iialoid i^lagiostomes, 
yet have a much smaller cerebellum, with a mere ciaufial in- 
dentation instead of transverse lamina'. A more decisive instance 
of tlie relation of the cerebellum to tlie power of locomotion is 
given by the Lepidosircu in which, witb a more marked general 
advance of organisation than in the Knv or Shark, the cerci)('llimi 
Inns not risen above the simple eommissiiral condition whleli it 
ju’eseuts in tlie Ijamprey ; the generative system, howeve)*, of the 
Lepidosircu iS as eom])lex as in the Plagios tomes, and is more 
extensive: but the fins are reduced to mere filaments, and the 
fish is known to ])ass half the year in*a stale of torpid inactivily. 
The cerebellum is large in the Cliimiera, fig. 171), c. In the heavy 
laden ganoid fislies, the cerebifllimi Is smaller than in the ordinary 
Osseous Fishes : the imbricated armour ol' dense enamelled l)ouy 
scales must limit the lateral inflections of the tail ; so we find in 
P(»lypterus the eerebellum hardly more develo})ed than in L(‘|)ido- 
siren, whilst in llie somewhat more active and predaceous Lepi- 
dosteus it is the smallest of all the segments of the Ixrain. In 
the grovelling Sturgeons the ccrehellum ofler.s a grade of develope- 
ment above that in the L{*]ndosireu. Finally, amongst tlie normal 
Osseous Fishes, tlie largest and Iiighest organised cerehcllnm has 
been found in the Tunny, whose muscular system approaches, in 
some of its physical characters, most nearly to that of the warm- 
blooded classes. 

If we could enter tlio sensorium of the fisli, and experience 
the kind of sensations and ideas derived from the inlet of their 
])ecnliarly develojied and enormous eyes, we mlglit l)(i enaliled to 
understand the oifioe of the jiecnliar complexities of their 
larg(^ optic lobes: Avithout such experience, wc can at best 
only indulge in vague couj(?ctiirc from the analogy of our own 
sensations. Wo find, when aXature reduces the organs of 
sight to such minute specks as can give liiit a'feelde idea of 
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tlic presence of light, vsufficient, perhaps, to warn the Arn})ly- 
o[)sis to retreat to the darker recesses of its sul)ten‘an<\aTi 
abode, that the optic lobes are not reduced in the same proportion, 
but retain a form and size, which, as comjiared witli their homo- 
logues in other animals, are sufficiently remarkable to suggest a 
function over and above that of receiving the impressions of 
visual spectra, and forming the ideas^onse([ucnt thereon. 

The anatomical condition of the proseneejilialon, and its 
homology with the hemispheres of the bird’s brain, experimented 
on by Flourcns,^ Avonld lead to tlie belief that it was in this 
division of the fish’s brain that impressions liecome sensations, and 
that here was the seat of distinct and tenable ideas : of such, for 
exam])lc, as teach the fish its safest lurking-places, and give it that 
degree of caution and dis<!ernment which requires the skill of the 
practised angler to overmatch. If diffcrcut parts of the prosencc- 
])halon were s])cclal scats or organs ot* different psychical phenomena, 
such })hen()meiia arc sufficiently diversified in the class of Fishes, 
and are so energetically and exclusively manifested, as to just ify the 
exj)(?(*.tatiori, on that physiological hy])othesis, of corrcS|)onding 
modifications in the form and dcYeloj)ement of the liomologucs of 
the cerebral hemispheres. Some species, as, for example, llie 
Shark and Pike, are predatory and ferocious : some, as the Angler 
and the Skate, are crafty: some, as the Sword-fish and Stick Ic- 
hack, are conibatlve : some, as the Carp and Bafbcl, are pcac^ciid, 
timid browsers : many fishes arc social, especially at the season 
of oviposit ion: a few are monogamous and copulate; still fewer 
nidificate and incubate their ova. 

Now, if wc comi)are the jirosencephala of the Shark and Pike, 
fishes equally sanguinary and insatiable, alike iinsoclabJe, the 
tyrants respiu^tivcly of the sea ami lake, wc find that tliose jiarts 
of the ))rain differ more in shape, in relative size, ami in struc- 
ture, than ill any two fishes. The prosencephalon of the Pike 
is less than the cerebellnni, much less than the optic, lobes ; in 
the Shark it exceeds in size all the rest of the brain : in the Pike, 
the ]»rosencet)halon consists of two distinct lobes brought into 
communieation only by a slender transverse commissure ; in the 
Shark, the heinis})heres are indistinguishably blended into one 
large subglobiilar mass. If we compare the prosencephala of the 
Pike with those of the Caiqi, wc find them narrow in the dc- 
vourcr, broad In the prey. 

The LophiuvS lurks at the bottom, hidden in the sand, wailing, 
like the Skate, for its prey to come within the reach of its jaws : 

> J.X1V. 
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the diftevence in tlie shape, size, and structure of their prosence- 
plnila is hardly less than that between the Shark and Pike. The 
coinbative Stickleback has longer and narrower prosencephala 
than the cowardly Gudgeon. The nidificatiYC and philo-pro- 
genitive CaUic/itlfj/shixs neither the antero-lateral nor tlic posterior 
regions of tlie cerebrum more developed than in bony fishes 
generally, 

§ Mj/<dmcepluilim of Rvptiks, — The i)ercnnibranchlatc Ba- 

trachia lead sluggish lives in swamps and pools; their senses arc 
as little developed as tliose of the Lepidosiren, and tlicir mus- 
cular movements are perhaps even more restricted : hence, if tlie 
cerebral lobes seem to preponderate, in proportion to other ])arts 
of the brain, over tlie prosence[)halon oi* Osseous Fishes, it is 
rather by contrast witli the rudimentary condition of tin' nics- and 
ep-encephala tliau in the relative size of the prosericcplialon to the 
entire body. 

In a jSewt, weighing M9 grains, the brain weighs one-seventh 
of a grain: and in the large Sirens, Amphiumes, and jMcuopomes, 
tlic proportion of the brain to the body is less than in the 
!Newts. 

The medulla oldongata slightly expands; tlie jiost-jiyramidal 
and restiform tracts diverge and cxjiuse along and sim[)le ^ fourth 
ventricle,’ with a median fissure: tlie convergence and confluence 
of the borders art- the fore part of the ‘ calamus ’ offer a fceblii 
rudiment of cerebellum. The 0 ])tic lolie in the Axolotl is a long 
elliptical body, two-thirds the breadth of the e[)cnceplialon. A 
slight swelling below gives off the small o|)tic nerves, ami is 
produced anteriorly into a vascular ‘ hypophysis ’ : a larger pineal 
body extends from bcfbi-e the optic lobe upon the posterior intm*- 
S[>acc of the cerebral lobes, completing the niesencc[)halon, whicli 
is the srnalh^st of the primary divisions of tlic brain. The 
cerebral hemispheres, twice the Icngtli and breadth of the optic, 
lobe, are smooth and hollow, like thos(j of Lcphhmren. The 
olfactory lobes arc pyriform, with the base sessile on the fore 
and outer part of the hoinisphcres ; the nerve is shorter than in 
J.epidosinm. The cerebral ventricles are continued into the 
olfactorv lobes, 

4/ 

The small and simple brain may be wholly removed from a 
torpid batracliian in the winter season, the medulla oblongata 
iiududed, by section of the myclon in front of tlie roots of the 
sccoml jiair of cervical nerves; and, nevertheless the animal 
survives many weeks, ])rescrving the reflex actions of the myelon 
and nerves, the contractility of the muscular fibre, and the 
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functions of organic life. In the active state of the simimcr 
season, such mutilation is followed by death in one or two hours, 
rarely rnore.^ 

In serpents, the cercbelhim, fig. 188 ,c, ex))aiids into a depressed 
semicircular lobe directed Imckward from the confluence of tlic 
rcstiform crura and overlapping the major part of the fourth 
ventricle, which appears as a sliort^nediaii fissure. The optic 
lobes, ib. h, now expanded 
to the breadth of the cere- 
bellum, show both a longi- 
tudinal and a transverse 
fissure, the latter crossing 
near the hinder border, and 
giving to this part of the 
brain a close resemblance 
to its homologiic the ‘ bige- 
minal bodies ' in Mammals. 

The optic lobes are hollow : 
the cerebral crura show 
slight enlargements, lilce 
(^ptic thalarni, anterior to 
the optic lobes, before cx- 
])anding into the hemi- 
s|)hercs. lliese arc pressed 
into close contact medially, 
and com])()se a prosence- 
plialoii iK^arly as broad as 
long, and double the 
breadth and length of the 
inesence))halon. Tlie outer 
surface of the hemispheres 
is smooth, composed of a 
thiu layer of vascular or 
grey neuriuo. Into their 
cavity or ventricle a ‘ cor- 
pus striatum’ projects from 
the under and outer side ; beneath or mesiad of Avliich is a minor 
prominence. The septum, formed by the thin mesial wall of 
each hcmispliere, is perforated for the passage of a ‘ choroid 
plexus.’ The ventricles arc continued forward into the olfactory 
lobes, fig, 188 , 1 ; each is marked oflP by an oblique fissure from 
the fore part ot the hemisphere, which it equals in breadth ; 
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and after a sliort curve, resolves Itself into a close fasciculus of 
ollactory nerves. 

In the Laerrtilin, the eyes heiug relatively larger 
and more a(‘tive in function than in Serpents, the 
^ T] ) o])tic lobes, fig. 189, //, show corrcvsponding increase 
of proportional size to other parts of tlu! brain. Tlie 
cerebclluni, ib. c, is still smooth, depressed, semi- 
cii’cular, and leaves more of the fourth ventricle, e, 
exposed than in Pijthon, The optic lobes cease to 
show the transverse fissure, and form a pair of hemi- 
s[)!ierical liollow bodies. The cerebral hemispheres, 
ib. (u form an elongate oval body, more contracted 
anteriorly than in Python, The olfac.toiy lobes, ib. //, 
are contracted at their junction Avitli the hemispheres 
into the resemblance of ^ crura rhlnenccphali.’ 



Hr-tin fif ft 
Liz'ird ( Liir< rfn 
ririiiis) uiijitT 
Yil'W'. eeXM. 



Briiii of Torfniso, luisc 
tcviii. 


191 



Brain of Turtle {Chdone), ui)j)ci’ view. 

cox VI, 


In the base vi6w oi tlie brain of the Tortoise, j^ven in fifij. 19t), 
the absence of ‘ pons Varolii ’ and of olivary or pyramidal bodies 
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Ls {sliown in the medulla oldongata, which \s indicated l)y a sH|v[it 
tumefaction giving off' the fifth, 3 , 4 , 5 , 6 , seventh, 7 , eiglith, 8, and 
ninth pairs of cerebral nerves: the tract is bounded anteriorly 
by the hypophysis covering the origin of the optic nerves. 
The continuation of the basal fibres of the hernisjdieres, r, 
into the rhinencephalon, li, is shown. 

In a side view, the several primary divisions of the ehelonian 
brain present the shapes and i^roportions shown in fig. 192, in wliicli 
(j Is the cpcnccphalon, o, the mesencephalon, p the |>ro.sence- 
phalon ; R, the rhinencephalon. The epencephalon includes the 
medulla oblongata, with tlie cerebellum. 


192 



In the turtle f iig. 101) the cerebellum, c, is slightly 

raised by tlie bristle, o, to exfiose the fourth ventricle, //, in which 
the sides of tlio calamus rise into ‘ torctial traerts.’ The cere- 
bellum is subelongate in its form, consisting of an arched layer 
of neuriiie, smooth externally, oi‘ cipial thickness throughout, 
which spreads over a portion of the veutriclo. The rcmMiiider 
of that cavity is covered by a vascular plexus, derived from 
the sides of the medulla oblougata, which forms a sort of valve, 
and l)y becoming united to the margin of the cerebellum, com- 
pletes the roof of the fourth vcutriele, which is large and |)ro- 
longed very far back. The optic lobes, O, are smooth, sj)hc- 
roidal bodies, on a plane inferior to the ccrebcllnm and cere- 
brum. Each lobe has its ventricle, c*, which communicates, as 
shown hy the bristle, /w, with the fourth ventricle, and likewise 
with the third ; the Viter’ to which may be seen by divaricatiug 
the optic lobes, covered by ]>ia mater refiected down the interspace, 
ami by a very thin layer of iicurinc. From the third ventricle a 
canal, or ‘ infundibulum,’ is continued down to the hypophysis, and 
aiiotlicr upward to the ^ pineal’ body, which is pyriform, hollow, 
and highly vascular: it occupies the interspace between the 
optic, o, and cercI)X'al lobes, r. These form the largest of the 
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primary divisions of the brain, but retain the form and charaeter 
of simjde smooth nodules. Each lobe has its ventricle, fig. 191, 
r, containing a ^corpus striatum,’ fig. 193, i, in which 
the ^ crus cerebri,’ fig. 194, i, principally expands ; also a 
smaller oblong eminence connected witli the ^ thalami optunV 
fig. 193, 2 ; and a transverse body extending anteriorly to the 
mesence])halon from the base of one lateral ventricle to the 
other. The choroid plexus is shown in the left ventricle of 
fig. 193. The olfactory lobes, of a pyramidal form, have their 
base defined by a fissure from the hemispheres ; each lias 
its ventricle, fig. 191, k, which communicates with the ‘lateral’ 
one, r. 

The myclonal canal, fig. 191, is continued along all the 
enceplialic masses, in which it expands, and assumes the name 
of ‘ventricles,’ the narroAver intercommunicating canal being 
the ‘iter.’ The ‘fourth’ or epcncephalic ventricle is single : the 
hypuariau ventricles, in fishes, form a pair ; as do, likewise, 
the meseiiceplialic, proscncepluallc, and rhincuccphalic ventricles. 
The ‘iter ’or common passage between the ep- ines- and [iros- 
encephalic ventricles, Includes the cavity called ‘third ventricle’ 
in Aiithro[)otomy : to whicli cavity the incscncejhalie ven- 
tricles are reduced by the coiisolidaiioii of the optic lobes in 
Mammals.* 

The epenceplialic or ‘ fourth ’ ventricle, exposed in figs. 193, and 
194,0, shows the ‘tcretial ’ columns bounding the ‘calamus’ or 
median fissure : external to these arc ‘ funicular ’ and ‘ pre- 
])yramidal tracts: the rostiform columns, forming the sides am 1, 
anteriorly, the roof of the ventricle show grey and white strlie 
on their inner surface ; the cerebellum is removed from their 
anterior union at 3, fig, 194. The mesencephalic base which 

* The influence of the nomenclature of human anatomy, reflected downward upon 
the dawninj; structures of the lower animals which culminate in Man, is nowhere more 
obstructive to a plain and true indication of the nature of parts than in regard to those 
of the brain. Tlic ventricles, for example, were indicated by numbers, or by position. 
.But four of the primary ventricles, viz., the mesenccplmlic or optic pair, and the 
rhinenccphalic or olfactory pair, which arc present in the majority of vertebrates, arc 
obliterated in Man; whilst the interspace of commissural lamella}, exccptioniilly deve- 
loped in the complex cerebrum of Man, and some higher Mammals, is made a ‘fifth 
ventricle,’ as if it were a structure of correlative significance and importance with the 
ventricles properly so called. Those cavities moreover in the human pro.senccphalon 
are specialized as ‘ lateral, ’ being the only ventricles retaining the parial .state which 
is .shown by the mes- and rhin-enceplialic ventricles in all oviparous Vertebrates, 
Whoever will carry out the application of iicut substantive names to the homologous 
pj»rt.s and structures of the encephalon, as they may bo ascensivcly determined, will 
perform a good work in hue Anatomy. 
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supports tlic optic lobes, is exposed from above, by their removal, 
in fig. 194, 2 , showing the coutimui- 
tioii of the ventricular cavity through 


that soginciit of the brain. The base 
of the excised ‘corpus striatum’ into 
which the ‘ crus cerebri ’ expands, is 
shown at ], fig. 194. The prolongur- 
tion of tlie optic l<fi)e crosses the 
cerebral crus, externally, in its way 
to the optic tract, fig. 195, d; a por- 
tion has been removed in this figure 
to expose the crus cerebri in its ascent 
to the hemisf)here. Three tracts of 
neiirine may be traced from the pres- 
ence] ►halon to the rhinencephalon, of 



which the inferior one is the most 
distinct, fig. 190.* 

-in the brain of the Cn)codile a marked advance is swu in the 


relative size of the cerebral lobes, especially in regard to their 
breadth and height posteriorly, giving a pyriform shape to the 


prosejicephalon ; the optic lobes, also, arc 


not inferior in bulk to the cerebellum, and 
this body shows a transverse fissure on its 
exterior. 4'be oltaciory lobes, which arc 
situated near the hemisi>heres in the newly 
liatclied Crocodile, recede therelVom, and 
advance, with a ])roportional prolongation 
of the rliiiicnce|)haric crura. The optic 
lobe shows a convex body ])rojectlng into 
the ventricle from its posterior wall, which 
body is serially homologous with the ‘ cor- 
jnis striatum ’ in the ventricle of the cere- 
Ijral hemisphere. In other .respects the 



brain of the Crocodile closely conforms with that of the "Ihirtle. 


With the exception of the anourus Batracliia, the myedon 
(spinal cliord) is continued into the tail, gradually decreasing to a 
point, and is not resolved into a ‘ caiida equina.’ Such, indeed, 
is its condition in the tadpole state of the frogs and toads ; but, 
with the acquisition of the mature form, the myelon shrinks in 
length, and terminates midway between the fore and hind liml)s, 
being resolved in the frog, into the three pairs of nerves which 
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form tlie sciatic, and into a few filaments passing on to live 
sacrum, fig. 208, /. 

In all Kei)tilcs there iwS an anterior and a posterior longitudinal 
fissure and a central canal dilating into the ejicncephalic ventricle. 
The myelonal canal is surrounded hy a thin layer of grey 
neurine, and, in Lacertians and Crocodilians, it extends as far as 
the first caudal vertebra: in Ophidians, winch have the longest 
spinal chord, the canal is continued to near the end, which 
goes as far as the penultimate caudal. The enlargements 
giving origin to the nerves of the limbs arc best marked 
in Chdonia, owing to the relative slenderness of the inyelon 
in the triink. In the Lizards and (h*oeodiles with nearly 
ef|ually develo|)e(l limbs, the more muscular trunk and tall 
<lemaiid a myelonal mass which renders the brachial and iliac 
enlargements less conspicuous. There arc no [>artial enlargements 
of the my cion in Serpents; the nervcvS, as numerous as the 
vertebne, arc given off at sliort and regular distances, as iu 
fig. 188, m. 

§ 54. Menihranes of the Mi/elenceplialon in Ihematorrifa, — Loth 
brain and myolon are immediately invested by a thin but firm and 
vascular membrane, the outer surface of which, iri most Fishes and 
many Reptiles, bears a stratum of })igrneiit-cells belonging ])roperly 
to the central layer of the arachnoid, which has here coalesced 
with the pia mater. This vascular memlirane seems, theref‘ore, to 
be coloured with dark points, and sometimes to he minutely 
speckled upon a silvery ground; and the pigmental stratum oi't(*n 
accompanies the processes of the pia mater into the ventricles of 
the brain. There is commonly a remarkable dcvelopcinent of the 
vascular and pigmental membrane over the fourth, or cpenccphalic 
ventricle ; it is largely developed in the Sturgeon, and conceals 
the rudimental cerebellum in the Lepidosiren. In the Axolotl 
calcareous particles are su])cradded to this (roveriiig of the ejieu- 
ccphaloii. In Osseous Fishes the commonly considerahle space 
between the brain and cranial walls is occupied by a])eculiar loose 
cellular structure, filled by gelatinous or albuminous fluid, and hy 
oily matter : in the Perch and Bream it seems to consist of an 
aggregate of minute spherical cells filled with fine colourless 
oil, the mass being traversed by blood-vessels. Cuvier^ found 
the cells, which be compares to a kind of arachnoid, filled by a 
compact a<ripose matter in the Tunny and Sturgeon. This modified 
arachnoid exists, but in less quantity, in the spinal canal, and 


* XXIII, i. p. 309. 
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even aecompanie.s the cerebral nerves in their exit from the shall 
in some fishes with large nerve-foramina. There is much cellular 
araelinoid above tlie cerebral lobes in the Le|)i(losiren, A large 
arachnoid is abundantly interposed between the dura mater and 
pia mater in the Turtle (^Chelone), where two ligaments converge 
from the arachnoid at the sides of the ejiencejihalon to l^c attached 
to a cartilaginous tubercle on the Jjasiocci[)ital. A number of 
filamentary processes ])as3 from the space between the cerebral 
and optic lobes to the arachnoid above, 4ikc a rudimentary 
‘ falx.’ 

The pihnltive fibrous capsule of the neural axis, the unossified 
or un(‘hrondrified remains of which, or of its inner laj’^cr, form 
the so-(‘alled ‘ dura mater,’ is most distinct in the low-organised 
Ihrnnyptn'l ; in tlic Ptaf/imtomi it is reduced to a few thin shining 
aponeurotic bands closely adherent to the inner surface of the 
cartilaginous walls of the crauium and spinal canal ; such traces 
of dura mater arc more feeble and indistiuct in Osseous Fishes, 
in wliich no proper continuous fibrous menibraiio can be dis- 
tlnguisbed from the inner periosteum of the walls of the cerebro- 
spinal cavity : no curtains of dura mater divide the cerebral from 
the acoustic compartments oi* the cranium in tlie Osseous Fishes. 
The dura mater, as a distinct fibrous membrauc, lines the cavity 
of the skull and spinal column in Reptiles. 

§ 5.5. AVrves of Fishes, — First pair or Olfactori/ nerves, — Tlie 
lu‘ad is short and obtuse in the embryo fish ; the ganglionic 
centres of the olfactory nerves arc always originally developed 
in close contiguity with the prosencephalon; they are protected, 
jirimarily, by the rhincnco[)lialic arch ; and, as this advances 
in tlic elongation of the skull, and recedes from the jirosence- 
phallc arch, two mo<les of growth take ])Iacc in the contained 
nervous axis : cither tlie brain is co-eloiigatcd, the rhiuence- 
plialoii retaining its primitive relation with its vertebra, and ihe 
prolonged crura occupying the narrow intcrorbital tract of the 
cianial cavity, or the rhiueucejihalou retains its jiriinitlve jiixta- 
])osition with the prosoucejihalon, and the olfiictory nerves, figs. 
180 — 182, 0 , 203, arc prolonged through the intcrorbital space, 
perforate or traverse a notch in the jirefroutals, and expand, as a 
resolved plexus, upon the pituitary plicated sac. 

The rhincncephalon accompanies its vertebra and recedes from 
the rest of the brain in Salmoy Cyprinns pro])er, Brama^ Tiaca^ 
(•adus^ Lota, Ilippoylossus, Clupea, Belone, lAudoperea, Cohitis, 
Plectoynathi, and Playiostoini', it retains its primitive contiguity 
with the proseliccphalon in Percuy Scomber, Esox, Pleuroncctcs, 
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JUenniuSy Antjutlla^ Cycloptcrusy Casterostens, Eperlanus, Cot- 


E .)6 



Jlntin ;mu 1 oi pfhnil liorwf^ of Ci^d-nsli ((Jmins vuiTrhtm). Liv. 


tiis^ Triyla, AmhlyopsUy 
Echends, the Ganoidd, 
an<l Lepulosiren. 

As the cnis of the 
rlilneiice})halon is formed 
not only of fibres con- 
tinued trom the prosen- 
(‘cplKilon, but also, and 
in some fishes chiefly, of 
distinct Avliite and grey 
tracts, traceable along tlie 
base of the mesence]>ha- 
lon, in part as far back as 
the prcpyrainidal bodies, 
so the origin oftheolfiic- 
tory nerve has been de- 
scribed as characterised 
by this complexity and 
extent; and it is true 
that in some instances 
(p, g. in the Percli), 
wIhu'O the rhineiice- 
phaloji, figs. 180—182, 
/, is in contact with the 
prosenceplialon, ib. c, a 
small portion of the true 
olfactory nerve may be 
distinctly tracked back- 
ward as far as the inesen- 
ce])lialon : just as we find 
in some fishes (c. g. 
Sturgeon) a portion of 
the optic nerve traceable 
as far back as the cere- 
bellum, and in the Kel 
to the hypoaria, and not 
exclusively terminating 
in the optic lobe. Most 
of the characteristics of 
origin and course attri- 


buted in works of Comparative Anatomy to the olfactory nerves 
are to be understood of the ‘ crura rhiiiencephali.’ In the 
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Ijjincelct the little ciliated olfiictory sac is brought into close 
contact with the rhiiienccphalic extrernity of the neural axis. 
When the olfactory lobe or ganglion, in other Fishes, is near 
the organ of smell, as in. the Cod, fig. 196, o, it sends off the 
nerves by numerous very short fasciculi. This multiplicity of 
virtual origins of the proper nerve is less conspicuous where 
the rhinencephalon is near the rcst^of the brain ; but a careful 
analysis of the long olfactory nerve in the Eel, fig. 176, will 
show that it is a fasciculus of filaments distinct from their 
origin. 

The optic nerves^ like the eyes, arc of large relative size in most 
fishes ; but where the organs of sight are small, the nerves are 
slender, as in the Silurus : they arc still more slender in the 
Afyxinoids, and they are scarcely discernible filaments in the 

197 198 ] 



Unilu of Sknto ( Brain «.»f a Ilalilnit (IfiiqiDnIo^svs), \ uii]> 4 'v, 21 innli'r 
viivv. (Til. vifw. cf.'ir. 


Amblyopsis, fig. 175, 2 . In the Plagiostomos, fig. 197, IIolocc- 
phali, Ganoidei, and Protopteri, the optic nerves, ib. a, arise in 
part from the optic lobes, ib. d, in part from the hypoaria, ib. c, c, 
closely adhering to the forepart of the base of the mesencephalon, 
and are there connected together by a transverse commissure, ib. 
or close interblcnding of substance ; they do not freely cross each 
other. In ordinary Osseous Fishes, figs. 181, 185, the exterior white 
fibres of the optic lobes converge to their under and anterior part, 
to form the chief part of the origin of the optic nerves ; but a portion 
of the origin may be traced through the septum opticum to the 
cerebellum; and in the Eel, the Garpike, and the Lump-fish, a 
portion may be traced to the hypoaria: in the Cod, fig. 185, and 
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Hake some fibres of the optic nerve, ib. 2 , are derived from both 
the liypoaria, lb. n and fig. 199, d, and from the wall of the third 
ventricle. The relation of the hy])oaria to the nerves of sight is 
illustrated in the fishes with iinsyrnmetrical heads and eyes, c. g. 
Pleuronectidre ; in fig. 198, the optic lobe, c, and hypoarion, (/, 
giving origin to the larger optic nerve, c, arc larger than the optic, 
lobe,/, and hypoarion,^, giving origin to the smaller optic nerve, d. 
The nerves cross one another without interchange of fibres ; some- 
times the right nerve in its passage to the lel*t eye passes under, 
fig. 199, />,«, fig. *201, sometimes over, figs. 185, 198, the left nerve:^ 
rarely does one nerve perforate the other, as, e. g. in the Ilerring, 
The nerves are flattened where they decussate. In most Osseous 
Fishes the structure of the optic nerve is peculiar ; it consists of 
a folded plate of membrane and neurinc, fig. 200, a, Avhich usually 
prevails throughout the length of the nerve, from its cerebral 

attaclimcnt to the eyeball : 
in some instances the inner 
surface of the optic lobe is 
also folded : and, in all, tlic 
plaits may be ol)served to 
be faintly continued upon 
the retina, which is formed 
by the unfolding of the 
nerve. The optic nerve escapes, in Osseous Fishes, oithei* through 
the anterior fibrous wall of the eraiiium beneatli the oi’bito- 
spheiioid, or tlirougli a notch or a foramen 
in that bone. In the Pleurorutctidai one optic 
nerve is usually shorter, as well as smalhn*, 
than the other, fig. 198. In the Eel tlic 
nerves form, after decussation, a very acute 
angle in the axis of the body, fig. 1 76, a: in the 
Lump-fish they form an ()))tuse open angle. 

Since there are no muscles of the eyeball 
in the Lancclet, the Myxinoids, the Am- 
blyopsis, and the Lejndosiren, there are no 
motory nerves of the orbit. In the Lamprey 
a small third nerve and a fourth nerve, whieJi 
arc closely connected where they quit the 
cranium, again separate, the one to supply 
the rectus superior and rectus intern us, the 
superior; the filaments sui)plying the other 

The writer has seen both varieties in dilFcrcnt individuals of Gadus morrhui 
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muscles of the eyeball cannot be separated from the fifth pair. In 
all other fishes the sixth or ahditceMwQv\Qy fig. 185, 6, has its proper 
origin, as well as the fourth and third. The third, or oculomo^ 
ib. 3, rises from the base of the mesencephalon, behind tlie 
liypoaria, ib. or from tlie commissura ansulata ; it escapes through 
tlie orbito-spheuoid (Carp), or the unossified membrane beneath it 
(Cod, fig. 196, 3 ), and is distributed constantly to the recti superior, 
inferior, and internus, and to the obliquus inferior ; it also sends 
filaments into the eyeball : the ciliary stem, or a branch of it, 
usually unites with a branch of the fifth nerve, and sometimes, 
ns in the jMackerel, Gar-pike, and Lump-fish, developes a small 
ciliai’y ganglion at tlie point of communication. 

The tourth nerve, or troMearis, fig. 196, 4, rises from the back 
of the base of the optic lobes, between these and the cerebellum ; 
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ttrain runl orlcrina of tlic ttfrh iiet^-cs nf fhc rcTi ri. 

it escapes cither throiigli the orbito-sphenoid (Carp), or the con- 
tiguous membrane (Cod), and is constantly and exclusively dis- 
triliutcd to the superior oblique cye-iuuscle, ib. //. 

The sixtli, or ahducenty nerve, figs. 185, 196, 6, rises from the 
l>repyramidal tracts of the medulla oblongata, fig. 185, beneath 
tbe fifth, and, in most Osseous Fishes, by two roots, as in the Cod, 
6. It usually closely adheres to the ganglionic origin of the 
filth. In the C^arp and Lump-fish it receives a filament from the 
sympathetic, before its final distribution to the rectus externus. 
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fig. 196, J: it escapes by the foramen or anterior notch of the 
alisphenold, in advance of tlie fifth nerve. 

This nerve, the trigeminal^ enormous in all Fishes, from the 
Lancelet to the Le])i(losiren, rises, often by two or more roots, from 
the rcstilbrm, or from the antcriqT^iiglc between the olivary aiul 
restitbrm tracts ; in some fishes ftom a special ganglion or enlarge- 
ment of that part of the medulla oblongata, as in the Herring, fig. 
184, i\ in a few (Conger, Lurnjvfish) by a smaller origin resolved 
into several roots. The trigeminus shows well its spinal (myelonal) 
character in Fishes, only its double root is more deeply burled in 
the medulla oblongata. In the Cod, fig. 201, the uon-ganglioiiic 
portion is shown at i, the roots of the ganglionic portion at a, 2. 
On the leftside the non-gangl ionic portion is separated and turned 
back : on the right side its divisions are seen accompanying the 
first, //, second, and third, c, branches of the tilgeminal. The 
fourth branch, rf, is also composed of both portions of the nerve : 
the fifth branch, c, is exclusively from the ganglionic portion. 
The trigeminal is in close contact with the acoustic nerve, at tlieir 
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origins. In (Julius^ Blcnnius, Cohitis^ and LeuciMms^ the ganglionic 
or dorsal roots recede from the ventral ones, as they penetrate the 
medullary substance. The non-ganglionic roots in the Blcnny 
join the facial and glossopharyngeal. Of the five roots of the 
trigeminal in the ’Sturgeon, the first, second, and fourth form a 
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oangllon (Gasscriaiuiin). In the Skate (Ram) tlic roots of the 
twp ganglionic portions, fig. 202, a, of the trigeminal, arise from 
tlie rcstiforin tract: the non-ganglionic part, c, from the folded or 
fimbriate part of the tract. A pin is [)asscd between the second 
ganglionic and the non-ganglioMc portion ; the latter, c, being re- 
fkicted back on the left side oi Ihe figure; on the right sid(>‘ the 
Tion-ganglionlc branches, c, /, arc left, accompanying the corre- 
s]K)nding l)ranchcs of the ganglionic portion, c,/. Tlie acoustic 
nerve, 7, comes off as a branch of the second ganglionic part of 
tlie trigeminal. 

In Osseous Fishes the hindmost branch of the fifth nerve divides, 
one jiart descending to the ‘^opercular’ nerve, fig. 203, /, the other 
ascending to the ^ lateral ’ nerve, ih. m ; but both receiving an acces- 
sion from other so urces to form those nerves respectively. A 1 > rai ich 
of the vagus, fig. 202, t, aseeuds forward to join the fifth in 
forming the dorsal division of the ^ nervns lateralis,' ib. yw, wliicli 
(\sca))es by a foramen in tlie parietal bone ; the rest of tluj fiftli 
emerges from the skull by a bole (Carp), or a not(‘lv (Cod), of the 
alispheuoid. The lateral nerve in the Cod is formed chiefly liy 
the fifth, fig. 19(), 5, and receives only a slender filament of the 
vagus. In the Carp the vagus chiefly forms tlie lateral nerve. 
In the Cod, fig. 205, the lateral nerve first sends off a branch, ib. i, 
which runs along the sides of the iiiteriumral spines, receiving 
branches from all the spinal nerves; it then curves down along 
the s(’apular arch, gives liranches to the pectoral, ib. r, and ven- 
O’al, ib. .v, fins, su|)[)llcs the great lateral muscular masses, ib. 2 , 
and the mucous canal, ib. a, and sends a nerve, ib. 4, to the iutor- 
luemal s])ines, Avhicli communicates with filaments from the corre- 
sponding spinal nerves; both internenral and interbamial branches 
terminate in the plexus supplying tlie caudal fin : tliiis all the 
lo<‘(niiotlve members arc associated in action by means of the 
nervi laterales. Tlie mandibular division of the fifth (rtf mis vian- 
dfhnlaris^ sou inaxillaris infrrlur) consists chiefly of motory filanicuts 
whitrli supply the muscles of the hyoid and mandibular arcbes, 
JUid the ^ ramus opcnm/nris sen facialis,^ fig. 202, f, to tliosc of the 
gill-covcr; the sensory filaments go to the tegimients of the sides 
f>f the head, ib. r, and under jaw, enter tlie dental canal, supply 
the teeth, and, in the Cod, the symphysial tentacle.' The maxil- 
lary division (r. maxillaris) bifurcates behind the orbit, one branch 
passes outward to supply the suborbital mucous canals and iutegu- 
ments on the sides of the head; tlie other, after sending a branch 
^^hliquely outward, curves forward along the floor of the orbit, 
* ccxxvi. p. 45, lig. 2. 
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ib. V, gives off a palatine nerve (n pttrt/ffo-palatinus), and supplies- 
tbe integuments, mucous tubes, and teeth ol the upj)cr jaw. ihe 
super-orbital division, ib. c, gives off the two ciliary nerves, one 



Orol.inl norvis, tVr< h. xxrtf. 


of 'vvliioh joins the eillary branch of the ihinl ; It .supplies tliO 
olfactory sacs, and the iiitegunients of the u}>pcr and fore ])art ol 
the h(jad. 

In the Skate the lari^e sensory branches oftlic fiftli, vsent to the 
integuments, and to tlie singularly develo|)cd nuic.ons canals,hav(.* 
ganglionic enliirgements near their origins, lig. 202, ft, h, \vh('r(; 
they leave the main trunk. The first electric nerve is given oil* 
by tbe fifth in the '^I'orpedo, fig. 139, 5, and many of the terminal 
filaments oi’the toguineutary branches oi* tlic lifth are connected 
with the peculiar muco-ganglionic corjmscles, described at }>. 324, 
fig. 215J In the Sturgeon the snout and its tentacula are sup- 
plied by branches of the infra-orbital, not fnnn tlie su[)ra-orbital, 
division of the fifth ; the opercular or facial branch supplies, in 
addition to the gill-cover, the intogurnents and lips of the pro- 
tractile mouth, and the pscudobranchia : it communicates with 
the glosso-[)haryngeal. 

In the Lancelot the fifth nerve, fig. 1(19, oh, distributes many 
filaments to the expanded sensitive integument Which represents^ 
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the licad, and forms the sides of the wide oval openinij^; it also 
supplies the oval tentacnila. In the Myxinoids the same nerve 
}:;u[»|)lies l)oth the iniiscles and the mteguiiicnts of the head, l^he 
tontaeiila, the nasal tul)e, the nuicoiis memhraiie of the mouth 
and torjgiie, the hyoid and pajg;^! teeth, and the pharynx. The 
trigeminus 8uj)plies the same parts in the Lamprey, hut in a more 
conipaet manner, i. e. by fewer prihiary branches : that which 
sends filaments to the rectus externiis and rectus inferior of the 
eyehall is continued forward heneath the skin and resolves itself 
into a rich plexus, which supplies the thick clrratc border of the 
sin'forial lij) : the nerves to the muscular parts of the jaws and 
tongue arise distinct from the fifth, and their trunk may be 
regardiul as a ‘ fatual ’ nerve ; one of tlie filaments of this joins a 
branch of the vagus to form a short Miervus lateralis.’ 

'rims in refereiK^e to the motor filaments of the trigeminus or 
great s})inal nerve of the head, those that form the portio dura or 
iacial nei've in higlier Vertt'brata arc not distiiu^t from the rest of 
the Irigeminus at its ap[)areut origin, except in the Lamprey: in 
which, on the other hand, the motory tilaments of the rectus 
e.x tennis, fornnng the sixth nerve of higher Fishes and Vertebrates, 
relain an assoidaled origin with the trigeminal. The facial ’ part 
(»f the ojiereulo-latcral divivsion of the fifth, in tlui Perch,' is that 
wliicli siijjplies the mandibular, opercular, and branchiostegal 
rmiscles. In the extended niediilla oblongata of the )Saiider 
(Lnriiyf terra) the facial nerve has a distinct origin between the 
trigiuninal and acoustic. 

'fljc nroffsfir nerve appears to be a primary branch of the fifth, 
ill the Skate, fig. 20 1, 7: its distribution on the labyrinth is beau- 
lifiilly, shown by Swan in uv, jd. x. fig. 2. It communicates on 
tin* great otolithic sac ivitb a motor lirunch from tlie vagus, which, 
alter giving filaments to the piisterior semicircular canal, passes 
out to sujiply the first and the adjacent surface of the second 
inid the taucial membrane. »Swan calls this branch the ‘ glosso- 
]>har\ngeal,‘ and says, ‘ this nerve, on being touched near its 
origin in a rccently-dead animal, Tnime<liately jiroduces a coutrae- 
liori of the muscular appendages of the gills ’ (il). p. 41). In the 
f'od the acoustic nerve, fig. 18 .'), 7, which here as in all fishes 
above the J)rrm()ptrri is of large size, rises close beliind, hut 
distinct from, tlie fifth j)air, ib. 5, between it and the vagus, ib. 8: 
fhc acoustic nerve receives a filament from the vagus, extends in 

ereseeiitic tbrm, fig. 196, 8, upon the labyvintb, exjiands upon 

* ’ XX 111 , tom. i. p. 325, pi. vi. lig, v. fi. 
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tho lai'tjo sac of the otolite, ib. /, and sendvS filaments to the 
am|)ullirorin ends of the semicircular canals. In other Osseous 
Fishes (Pike, lUcnny) the acoustic blends at its origin with the 
back part of that of tlie fifth : it sometimes eonimunieates with 
tlie oiKnciilar branch of tlie fifth, as well as with the glosso- 
pharyngeal of the vagus. Its division on the acoustic sac is 
s1k)\vii, ill the Pereli, at .v, fig. 203. 

Tho 7urt:us rm/us, ib. /, has a developomcnt proportional to 
the extent anti complexity of the branchial apparatus in Fislies, 
aii<l is usually larger than the trigeminal : it rises, fig. l8o,v«, from 
the restiforin tra(?t forming the side of the medulla olilongata, and 
Commonly I’rom a S])eelally ilcveloped lolie ; and is distributed to 
the bra]ieliial a[)parMtiis, the pljarynx and pharyngea] arches, the 
ccsopliagns and stomach; it sends filaments to the heart, and to 
the air-bladder wdien tliis exists ; and it forms, or helps to form, 
the * nerviis lateralis.’ In the Lan)])rey a ])ortion of the vagus 
combines with branches of the facial and by})oglossal nerves to 
fi)rm a short side-nerve extending to the middle third part of the, 
body. In Snimoy Clupat, .Ic//>>c//.svr, tlio ^nervus lateralis’ is fonni'd 
exclusively by the vagus: in the latter, as in C/nmeent,, Ihdinhs, 
Dioihniy Ct/rlojitcnfs^ this nerve is a single longitudinal one : in 
most bony fishes there arc tw'o wdiich run parallel or nearly so. 
In all these fishes it is continued very far l)ack along the lateral 
or latero-dorsal region of tlic body; sometimes lodged dee[)lv in 
tli(» lateral mass of muscles, e, g. Bdone^ Vlupva^ ami Svomhrr^ 
l)Ut in(»rc coniinonly the nerve or a main braneli li(;s just iimicr 
tin? skin, and in the course of the lateral nnieous line, as in the 
Salmon and Sturgeon ; iji the Flat-fish and liull-hoads it has l)oth 
a d(*ep-seate«] and a su|>erficial branch. In Upnif^us tlie super- 
ficial brancli is sent off, dorsad, at an opei) angle from the main 
trunk, to the lateral line, above Avhich it runs in llie Bvlont’^ the 
superficial branch descends to gain the lateral line. In tin; 
Carp and Herring the vagal ^ram us lateralis ’ sends off a strong 
branch to the dorsal fin ; in the Garpike it sends, as in the Caxl, 
branches to the jnictoral and A^cntral fins; it ilistributes other 
branches to tlie skin and mneous ducts; and some of those, in 
most fishes, anastomose with branches of the spinal nervi's, fig* 
20o. In the Perch there arc two Miervi Iati;rales’ on ca<*li si<lc; 
the dorsal one, fig. 203, ///.above descril)od, and the proper lateral 
nerve, ib. l\ this is formed exclusivcdy by tho vagus, and divides 
into a su|K;ilicial branch, supplying the lateral line, and a deep- 
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seated, hmncli, conimnrucatiug with the spinal nerves, and snp- 
plying the inyocoininatal apoiicnroscs and the skin.* Whether 
the vagus forms the whole or a part of the ‘ nervns lateralis,’ this 
does not arise like the ‘nervns accessorius’ of higher Vertebrates, 
troni a niotory tract of the inyelon, but from a ganglionic part ot 
the vagus. The ‘nervns lateralis’ chiefly sii})])iics tlie skin, 
iniicous line, interiiiuscnlar se])ta, anTTvertieal fins, most of them 
j)ecnliarly ichthyic [)arts, evither by tlieir prcj)onderating dcvelopc- 
inent, or their very existence. 

The vagus sends supra-temporal braiudies to the head, and 
openudar l)ranehes to the gill-covers. The usually rioiihle roots of 
the no’vus vagus j^ass out, in most Fishes, hy a single i’oraincn in 
the cxoccipital bone. The fore ])art of the root is the largest, and 
is ganglionic: it is the true pneiimo-gastric, sup|)lying the gills, 
pliarynx, heart, and stoinacli, and sending filaments to the sep- 
tum dividing the branchial from the abdominal eavity. In the 
Tunny the braiichial nerves are remarkable for their size and 
their radical ganglions. The hinder sectnid origin is the source of 
the gIosso-)>havyngcal and lateral nerves. The former, which 
lias .a distinct ganglion in the Herring and some other (ishes, 
supplies the first gill and (amtigiious |)arts, and thenc-e [»asses 
forward to the tongue. Some filameiHs rising liehiud tlie vagus 
have been tra<a;d to the jiarts surrounding tlu‘ brain witliin tlie 
cranial cavity.- ICach vagal nerve of the Sturgeon equals the 
spinal chon! in size, and rises by numerous roots. Tlie nerve 
has a like extensive tract of origin in the Sharks; in wliicli a 
{lostevior fas<*iculus, fig, 187, s, represeuling the ‘ uervus acces- 
sorius,’ can be best <l(*monstrated. 

There is no ‘ nervns lateralis ’in tlie .Myxlnoids, but the gastric 
hranclies of the vagus arc continued, united as a single* nerve, 
along the intestine to the anus. The vagus is represented in the 
llranchiostoma by a lirancb sent from the fifth to the pharynx. 
In the Myxine its origin is close to that of the fifth. The 
erectile palatal organ of the (’yprinoids is wliolly, and the electric 
organs of the 'rorjiedo arc, in great part, sujijilied by Ibis remark- 
ahle vagal nerve, ^fbe pixqiortion of gvey to white filaments 

the vagus of Fishes is greater than in tliat nm’ve in higher 
^ ertehrates, whi(*h illustrates the progressive diflbrentiatiou oi 
the great symjiatlietic.'* 

1 he ,ynnai,, or niyeUmal, nerve rises usually by two roots, 
flui dorsal one liaving a ganglion, rarely by non-ganglionie roots 
^-^chisively Irom the prepyrainidal tracts: it usually emerges 
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between the ex-tiocipitnl and the atlas, and divides into a small 
dorsal and a larger ventral branch: this connnunieates with the 
ventral branoli of the next spinal nerve, and siipjdios tlie pectoral 
fin-musolos, the snheoradoidous, i, the retractor hyoidel, and 
geniohyoidcl, 27 , fig. 135. It is called Mjypoglossal nerve’ hy 
some Ichthyotomists ; bnt this name more properly applies to a 
nerve which, in some fishes, arises from the mcdidla oblongata 
behind the vagus, is distributed to the muscles between the scapular 
and liyoid arches, and unites with the first spinal nerve. 

Each of the sjanal nerves has a dorsal or sensory, and a ventral 
or motory origin ; sometimes each rises singly ; sometimes, as in 
tlie Cod, by two or more filaments, fig. li)6. Both sensory and 
motory roots arc lojjg in most fishes: the sensory root is the 
large.-t, arises l)y more filaments, and further back than the 
motory roots, in the Sturgeon. 

In most Osseous Fishes one dorsal root goes to form the dorsal 
branch of the spinal nerve, ami the other dorsal root joins tlie 
ventral branch of the same nerve: sometimes the ganglion is 
formed on the dorsal root of the dorsal bramrli, as in tlie Vod ; 


more comnundy upon the whole sensory origin ol‘ the nerve, 
wliere it emerges from the neui’al canal. In some fishes (Bream 
and Garpiko) the ganglions mi tlie dorsal root are sitnatcfd in (lie 
spinal canal: more conimoidy (as in the Cod, the Ling, the 
Sander) the ganglions are external to the spinal 
canal In both laiscs the nerve Is iinn'easod in size 


p.. beyond the ganglion and the union of the ventral 
root. This is well seen in llie Skate, in whlcli tlie 
ganglions are situated licyoiid the lioles of enicr- 
geucc, and the junction of tlie two roots takos 
jdace quite exterior to the neural canal. 

The connection of the roots with the inyelon 
IS weaker in Fishes th:m in air-breathing animals: 
\ it is so easily broken in tlie Dvnnoptvri as to have 
led to a denial of its existence.^ The pecidiar 
combination of the dorsal and ventral routs of the 
sfiinal nerves in Osseous Fishes is well seen In tlic 
, r , Cod.^ The dorsal root semis a filament, fig. 201, a. 
Upward, which joins a ventral filament, h, Ironi 
tlie preceding nerve, and forms tlie ramus dor- 
the dorsal root sends two filaments, c, downward, which 


unite together, and with a ventral filament, e, of the same nerve 
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io (onu tlic ^ ramus ventralis,’ v. The filament of the veuiral 
root sent to the ramus dorsalis of the succeeding nerve j)crforates 
the lower division of the dorsal root of its own nerve. 

Thus each spinal nerve, forms a ‘ramus dorsalis/ fig. 205, lo, 
and a Vrainus ventralis/ ib. s; the ramus dorsalis ineludcs a 
sensory filament of its own nerve, and a inotory filament of the 
antecedent nerve: the ‘ramus ventridis’ is formed liy a motory 
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and a sensory filament of its own nerve; both rami ‘ ventrales’ 
and ‘dorsales’ are associated together, and with the vagal and 
triifominal nerves tliroimh the inedinm of* the ixreat ‘ nervus 
lateralis,' fig, 205, i, s. 

The dorsal roots of the nerves distributed to the free, explora- 
tory, |)('ct(>ra1 rays of the (hirnards, rise from special ganglloni(‘ 
SiWcllings of the cervical portion of the dorsal myeloiial colnimis. 

§ 5(). Nerves of The oltactory nerves are continued 

ni llcptiles, fi>r a greater or less extent, from the rhineucephaloii, 
figs. 1S8, 191, to the olfactory sacs; the white and grey tracts 
henoath the prosencephalon, fig. 190, e, described as roots of this 
^^erve, belong to the rhiiioucejihalic crura; the true olfactory 
ficrves arc less distinct from their centres than in other Vor- 
lehrafcs. In the Python, fig. 188, the luu’ves, i, of equal 
•lluinetor with their centres, gradually expand, by resolution of 
their fibres, as tbey approach the olfactory sai*s, ib. d, and are 
jniiied by part of the first division of the ‘fifth.' The ulfiictory 
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Tiervos progresslvc^ly increase in lenjijtli in the Turtle, Tj^uana, and 
CrtXMxlllc. The distrihutiim of tlielr iihres u])Oii the vascular 
l»ituit:irv meinhraius sii|)])ortcd hy the turhinal cartilage, is well 
(lisi)hiyed lii a lluiiteriim ])re|>nratioii of the Turtle.* 

The optic nerves, corresponding in size with that of the eyes, 
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arc ;^inallest in tin? fish-like Batnichlans. Tliey arise fnan ilie 
0 ])tic lolfcs, fig. lt)2, (), thahuni, and optic tracts, ih. r/, and blend, 
by a few decussating laniinas into a chiasma, ib. Ixdbre diverg- 
ing to the visual organ : their <!ourse is shown, in the J’ytlion, at 
fig. 188. The position of the ‘third’ or ociilo-motor nerve 

' XX, vol. iii. 80, nos. l-OOS, l.Oaa, * 
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sliown at 3, 188. The course of the ‘fouriir to tlie uj)per 

ohiicjue muscle is sliown at 4, fig. 188. This nerve docs not 
exist, separately, in the hsh-llkc llatnichians. 

The fifth or trigeminal iierve shows its double (ganglionic and 
non-ganglionic) origins in all Keptilcs, and its threefold primary 
division very distiiHJtly, in all al>ove the Perennihrancdiiates. In 
the Serpent (he first division is sIkTwu at 5, fig. 188, extending 
forward l)cneatli the ‘fourth’ nerve and n]>per ohliqiie muscle, 
and ahove the olfactory nerve and capside. The second division, 
lig. 188, 0, fig. 20f), 4, after communicating with the sympathetic 
n(‘rve, divides; one branch supplies the membrane of the mouth 
and palate ; the otlier passes out by canals in the upper jaw, and 
terminates on the follicles and substance of the upper lip. The 
jhird division, fig. 188, 7, fig. 200, r>, sends branches of its non- 
ganglionic jrart to the tmiselcs of the. jaws ; a htrg(*, l)rancli enters 
the <lental canal of the mandible, supplies the to()th-ca])sules, and 
emerges by tlirce or more divisions: two of these, emerging at 
th(j lower ]Kirt of the niandihle, eoinmunicat(' Avith branches of the 
‘eighth’ aiul ‘ ninth’ nerves, to lie distrihiitcd to the muscles and 
]>arts beneath the mandihnlar arch: another gives filaments to the 
inenibranc of tlie moutli as far as tin*, sheatli of the tongue ; the 
main continuation, emerging at a foramen near the symjdiysis, 
sujiplies the lower lip. 

Ill the Turtle the first or o[)htlialmic division of tlie fifth 
advances some Avay in tlie sulislauee of tlie dura mater before 
entering the orbit; it sends a filament to coinliine Avith one ol‘ the 
third, to supply tlic ciliary nerves, Avitliout forming a ganglion : it 
supplies the lacrymal and harderian glands, and is continued to 
the olfactory fossa. Tlie second or maxillary division (jnits tlie 
third on entering the floor of the orbit, along Avhieli it curves, 
seiuling from its concavity filaments to the lacrymal glands, and 
fiivifiing into two cliief Iirauchcs; the internal braneh, ausAvering 
to tlie splieno-palatine and suliorhital, supplies the palate and iloor 
of the nasal cavity, and emerging at the fore-j>art of the orbit, it 
spreads upon the maxillary tegument: the external branch passes 
along the floor of the orbit, and emerges ujion the face. The 
third or ‘ maiidiliular ’ division descends at tlie hack-part of the 
orbit, in front of the tymjianic bone, supplies the temjioral and 
pterygoid muscles, enters the mandihular canal, and distributes 
branches inwardly to the tongue and floor of the moutli, outwardly 
to the mandibular follicles and tegument. 

In the Frog the maxillary and mandibular divisions of ihc 
b'lgominal, arising distinctly from flic ganglion, diverge to their 
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respective destinations at the middle of the floor of the orbit: 
the hindmost branch, continuous with a filament from the 
acoustic nerve, unites with a branch ol'the vagus, and is distributed 
like the ‘portio dura’ of the ^seventh’ nerve. The distinct 
origin of this nerve, between the Miftli’ and acoustic, is shown 
in the Python, Jig. 188, s; it communicates, fig. 20r), (n with 
the ganglion, ib. i, of the symj)athetic, then passes through the 
‘apertor oris,’ to which it gives a brancli; communicates with 
the first spinal nerve, and terminates on the ‘ oosto-mandibularls ’ 
muscle. The acoustic nerve, fig, 188, o, soon divides, and enters 
the laliyrinth by two or more foramina. The glosso-pharyngeal, 
fig. 188, 10, is distinct at its origin in Serpents and higher lleptiles. 
In Ilatracliia it issues from the ganglion of* the vagus. In the 
Python the gloss()-j>luiryng(‘al passes ehielly to the ganglion, 
fig. 20(), 1 , of the sympathetic. The ‘ ncrviis vagus,’ fig. 188, u, 
arises by several filaments, and in the Cludonlan and Crocodilian 
reptiles is recruited l)y an ‘ aeec'ssorins,’ arising from tlie tract of 
the first and second spinal nerves. In the Python, Jig, 201), s, 
the vagus c*ominnni(‘atos wltli the sympathetic*, and then receives 
the eojit innation of the glosso-pharyngeal from the ganglion, i. 
Tt sends a branch to cornmimieate with the ‘ ninth,’ and t<> Ijc 
distrihutod to the muscles and meml)rane of the fiiuces. TIui 
trunk is then continued down or back, close to the traeliea and 
jugular vein: on the left side it also accoiujianies the earoiid 
artery : it sends filaments along tlie large vessels to the he.art, and 
others Ixdiiiul each aorta, similar to the recurrent mn-ves, to he 
distributed upon the traeliea and (esophagus: each trunk for a 
short s]>ace ac(!Oinpanies the coiTes]K)nding pulmonary artto’y to 
the lung. Ihl'orc reaching the liv<jr it ])asses ventrad of the 
lung for a short distance, and joins its fellow to li)rm a single 
nerve. This is continned under the capsule of the liver supply ing 
that organ, the lungs, and (eso[)hagus. Xear tlie end of' the liver 
the vagus sends a large branch, which eommunieates freely with 
tlu! sympathetic, to the left suriace of the stomach, and this also 
gives filaments to the contiguous part of the lung. The trunk, 
on the right of (lie stiniiaeh, (Xiininunicating with the ,sym|)atheti(;, 
and with the division on the left, is continued a short way on the 
me.mhrane connecting the viscera, gives branches to the right sldt*^ 
of tin* stomach, and terminates on the beginning of tiic Intestine, 
at tlie jiancreas. 

In th(* Vhdoaia and Cror.ndllia the vagus ([iiits tlu^ skull liy two 
or three of its roots, which unite outsicle to form the trunk of the 
nerve; its eoinmunication with the glosso-pharyngeal, the ninth, 
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and the sympathetic, together with its nltimatc distribution, are 
ill the main like those in Ophufif/.; it exclusively svippru^s the 
Jieart. In the Atnpliishaina the accessorius is partially blended 
with the vagus, and sejiarates from it to be distrilmtcMl to the 
cervical muscles, joining branches of the first two spinal nerves. 
Ill (ludonia and Crorodilhi the accessorius lileiids with the gan- 
glion of the vagus: its coniinuatictn may be recognised in the 
posterior branch sent by the vagus to tlie nuchal muscles. 

The ^ ninth’ or hy]K)glossal nerve, fig. 188, 12, arises from the 
inotory tract, behind the vagus, from the trunk of which it receives 
a branch ; it receives a smaller branch from the fa(‘iai nerve ; ccjan- 
numicates with the anterior cervical nerves; and is distributed to 
the mnscles of tlie jiharynx and tongue, to the forked end of which 
the lingual brancli may b(^ traced. It sends a coimnnnicaling 
branch to those of th('. mandibular uerv(‘, wliicli are distributed to 
the mus<‘id;ir fioor of the mouth. In ilio Tortoise tin' liyjioglossal 
escapes by two ]>recondyloid foramina; after the union of these 
origins the (runk communicates, as in wdili the vagal 

and glosso-pliaryngenl nerves: it semis a branch to the hyoid 
nmscles, a iiranch forward to the tongue, and a third dowmvard 
to tin? omohyoideus: the latter accompanies the vagus as iar as 
th(‘ tiftli cervical. 

Tlie vagus enters in a larger proportion into the formation of 
tlie nerve, or rather ])lexus, distributing branches to the parts to 
wbicli the source of nervous suj»])ly is asorilied to the bvpiv- 
glossal; but this nerve has a distinct origin by two roots in the 
Turtle. 

Tlie first and second spinal nerves arise, iii Vhrlnno^ like the 
hypoglossal, by motory roots only; the sensory or dorsal roots in 
the other eervieals are smaller than the motory ones. Tlie skin 
of the neck is not viny sensitive : the muscles are larger and 
munerous. In the back, where muscles are few and small, the 
sensory roots of the sjiinal nerves exceed the motory ones in size. 

The nerve which emerges between tlie (iivst and scc«md trimk- 
verteline in Bfttraidiia supplies the mnsch's and integuments of 
Ihe subjacent ]>art of the tlvroat, and sends a few filaments to 
those of the sca[)ula. Four of the succeeding spinal nerves 
ooinbinc in the Salamander to form the brachial plexus: two only 
loi'iii that jilexus in the Frog, that emerging lie tween the second 
iiml tliird vertobne being the largest. In the (.’rocodile tlie sixth 
and seventh (‘.ervical nerves, with the Iwn following, combine to 
form the? brachial plexus. lii the 'Purtle the sixtii, seventh, 
^^^hth, and ninth spinal nerves constitute the brachial plexus. 
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This distributes a ^elrcuiuflcx’ or axillary^ an ulnar, a radial or 
^ musculo-spiral,’ and a median nerve. The eirciiinficx sujtplies 
tl)e latisshmis dorsi, elaviculo-brac.hialis, snpereoraeoidouH and 
teres minor, and terminati^s on the inte<^iiinent at the back of the 
arm. The ulnar nerve divides at tlie U[)j)cr third of the humerus 
into a branch supplying the extensor communis digitorum, ex- 
tensor proj)riiis pollicis, and ulnaris extornus, a l)ranch for the 
tricc])S l)racliii, and a superficial cutaneous nerve distril>ntcd to 
the integument on the back of the fore-arm and luiud. Tlie 
radial nerve passes to the outer side (d‘ the Iiumeriis, distributing 
muscular lu-anches in its course, winds to the inner side, descends 
in front of the elbow-joint, and terminaies in muscular and 
cutaneous branches. Tlie median nerve passes along the back- 
part ot‘ tlie scapula, giving liranclies to the |>octoraHs major, to 
the shoulder-joint and surrounding skin : yiasses between the 
liumeral tubei'osities, su])plying the tricei>s brachii and bracliialis 
intermis: then divides into an extiTnal bramdi, passing lietwiicn 
the pronator teres and radialis iuternus, and supplying tiui Ilexors 
ol‘ the digits, and into an internal hraneh, gliding between the 
radius and ulna, and ultimately forming the volar arch. 

In tlie Frog the axillary ncrvci sends a bnincli to tluj inuselcrs 
and skin aliove the scapula: it is continued into the brachial, 
which bifurcates. One liranch winds round the humerus, like the 
^ iiiusculo-spiral,^ sends a branch to llu; extensor cubiti, and [lassing 
in iront of the elbow-joint jienctratcs the mass of flexor muselcs, 
and rcajipears at the outer side of the fore-arm : it sends one 
branch to the skin, and another to the back the hand, which 
divides to sujiply the same as])cct of the digits. The other 
division of tlie brachial nerve represents the ‘median;’ it divi<les 
into a larger branch, running along the interosseous furrow ol' the 
ulno-radlal bone, which supplies the jialm and palmar surlace oi’ 
the digits, and into a smaller bramdi, which suj»[)lies the fl(‘xor 
muscles of tlie digits. 

The spinal nerves of the Serpent differ from those of the Fcl 
in the more distinct gauglion on the posterior root, mid this rises 
(doser to the anterior root, which is rather ]arg(?r. Facli .s])!nal 
nerve communicates with the symjiathetic, and accomi>aiiies 
the rih, to be distrilmtcd to the vertebral muscles and integu- 
ment, fig. 2()f). 

In the Tortoise, nerves, analogous to tlie phrenic, are sent frou* 
the first three dorsal pairs to the sheets of the dia|)hragmaticuS5 
fig. loO, 42. Svjccecding dorsal nerves commnnicatc witli the 
sympathetic, and send filaments into the substaneft of the carapace. 
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most of which pass through, and terminate in the vascular l)eds of 
the horny scutes. 

The seventh and eighth dorsal nerves, and the three consecuth e 
pairs, Contribute to the formation of the crui’al plexus. Tlie 
sciatic nerve is formed l>y the last dorsal and the first two sacral 
nerves. In the Crocodiles and Lizards the sciatic; is formed by 
but two spinal nerves: in thc"^h*ogs and Toads by tlirce, 
figs. 207, 208. 

The crural [>lexus in the; Tortoise sends filaments to the trans- 
versal is, fig. loO, 41, and ol)lir[uus abdominis, fig. 151,40; to some 
of the pelvic muscles and the glutici; it is then continued into the 
limb as the ‘crural nerve.’ The obturator nerve is a direct Imincli 
of the last dorsal. The sciatic nerve gives a filament to the 
second glutams and to (he olituratorius, and continues, as a 
large tvunlv, io behind the hnce-j<nnt, where it divides into 
the tihial and })croiical nerves. The til>iid subdivides into a 
popliteal liraiich, supplying the museles at the back of the leg 
and the sole or plaidar side of the foot, and into an external 
l)rancb to the external muscles and integvimimt. In the Turtle 
( ('hrloifr),^ one division of the sciatic gives branches to tlie 
inusch's of the thigh, and is continued to the plantar surface 
of (he foot, dividing into tligltal nerves, terminating on 
the skin; the other division, after giving off some imiscular 
branches, [lasses to the skin on the dorsal surface of the fin. 

In liizards the crural nerve is formed by the two liimliar nerves, 
and is distributed to the mus<;les on the fure-|^art of the tlilgli ; 
tlu; s(‘iatic nerve Is formed Viy the last lumbar, the two sacral 
nerves, is continued along the inner side of the thigh, sup|)lying 
tin* imiscles as i'ar as the digits, and braiu‘hing to accompany tliem. 

In tlio Frog a |»early vesicle, with calcareous molecules, covers 
cac-li spinal nerve where it comes out of the sjiinal canal. Of tlu; 
lour pairs of nerves which proceed from the termination of tlie 
i^hort myelon, three constl(iitc on eacli side the ‘ sciatic plexus,’ 
which unites into a single large nerve opposite the acaUabnluin. 
flic sciatic nerve enters tlie muscles at the back-part of the tliigh, 
f^npplu‘s them, and divides near the kuee-joiiit into an external 
inid int(‘rnal branch, distributed to the muscles, tUgits, and skin of 
the hlnd-lcg and foot. 

The tenaeity of vital force in Ffamtalorn/a, and the seemingly 
peculiar susceptibility to the voltaic current in the Frog, have 
nuidc that animal the usual subject of the cxporiiuents exemjilifying 


* 1.IV. pi. xvi. 
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relatioTis botwoeu tiu* electrical, nervous, and muscular forces. It 
may be eouveulent, therefore, to some readers to tind here, in con- 
nection with the nervous 


207 



< !alvfi,rii’s frojr. and tlio .tralvario^ci'idc k-/. cct. 


system of the Batrachla^ 
an account of the chief 
inodes of jireparing it 
for the ])urpose of such 
experiments. G alvani 
removed the skin from 
the liinder j>art and limbs 
of the frog, ex])osed the 
lumbar plexus, leaving 
it in connection with the 
])art of the spine from 
which the nerves issued, 
and cut away all the 
parts save the trunks of 
the sciatic nerves, be- 
tween tlie spine, s, and 
the hind limbs, A iS: i^, 
fig. 207. So ]>re]>arod, 
it Is usually called ‘Gal- 


vani’s frog.’ 

The ‘ galvanoscopic leg,’ fig. 207, C, is prepared by skinning it, 
dissecting out the sciatic nerve from among the muselos at the 
posterior jiart f)f the thigh, then amputating the leg just above 
the knee-joint, leaving the nerve connected with tlui leg, c. 

If the nerve of c be laiil upon (lie nuuscles of cithcu' leg of 
Galvani’s Irog, a or n, and if tliese muscles are excited to contrac- 


tion, by jirickiiig the inyelon in s, the muscles of the galvanosco[)ic 
leg, o, will be simultaneously contracted. If a se(‘und galvano- 
scopic leg be prej)aj’ed, and the nerve be laid n|)on the nuisch s of 
tlie firvSt, and a third be jdaced in the same relation with the 
second, contractions will take place in all three legs, Avhen the 
thigli-muscles of tlie Galvani’s frog, a & n, are excited to contract. 
Ihis ‘ induced contraction’ cannot be extended to a fourth gal- 
vanoscopic leg. 

If the nerve of the galvanoscojiic leg be left in connection with 
the rest of the frog’s body, and the nerve lie laid across the tliighs 
of a Mlalvani’s frog,’ as in fig. 20H ; these being excited to con- 
tract, not only the galvanoscopic, leg, c, hut the ojiposite leg, 
contract; the one. by direct stimulus of the sciatic nerve, tlio 


other by stimulus of the myeloii from the Inferent or ' sensitive’ 
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fiJn’cs of tlic nerve, o, reflected upon tlic limb, f. In sliort, that 
niiiscle will cjontract when the stimulating current has its origin 
in a source external to that body. 



Immerse Qiwli leg of a (ialvnni’s frog’ in a cup of w:ilor, 
tlie positive wire, p, of a voltaic l)attcry l)eing placed in one 
cup, the negative wire, N, in the other, as In fig, 209, In 


209 



the limb A tlic current runs in the reverse direction of that 
ot the volitional nervous force: in the limb n it runs in tlie 
^>ame direction. After the voltaic current has passed a short 
blue through the nerves, contractions occur in the limb B, not in 
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the limb a, in * making’ the current, or completing the circuit; 
ivhilst contractions Ojpeur iu tlic limb A in ‘• bi’caking’ the current, 
as by removing one of the wires : tlic limb in which the current 
is direct contracts on making the current; the limb in which the 
current is inverse contracts on breaking the current. It needs 
only to leave one wire in the water, and to remove or introduce 
the other, in order to ‘ break’ or ‘ make’ the current. If the two 
vessels be further eonnccAed by a conductor of* chopper wire, as at 
O, fig. 201), contracjtions of both limbs take place on both making 
and breaking the connection. 

iVenricity’ is not electricity, any more than is myonicity ; 
both are ]i)eculiar modes of |)olar fonte. Any point of* the surface 
of a nerve is ])ositlvc in relation to any point of the ti’ansverse 
section of the same nerve, just as any point of the surhu^o of 
a muscle is ])ositive in relation to any ]K)int of the transverse 
section of the same muscle.- T^igaturc of a nerve arrests the 
nervous current, not the electric current ; a diviiled nerve (*(»n- 
ncctcd l)y an electric conductor transmits the electric current: 
but the nervous current excited by stlimdus !d)(>vc the scudion 
is arrested by the olectri(? conductor, ^"euricily is convertible 
into myonic.ily and into oilier forms of ])olar force, just as 
myoni(Mty or the muscular force may be disjitised of* by conver- 
sion into lieat,^ electricity, ‘ and cbemicity, the latter shown l>y iho 
evolution of (‘arboiii(j acid."' Molecular change, in nervous and in 
musr*uhir fibre, iittends the exercise of their respective forces. 

§ o7. SijinjKffftefir st/sfpm,- This consists of* orui or more ganglia, 
usually a series of such arranged on each side of tluj vertebral 
centres from near the occiput to the 0 |)|)osite end of the abdominal 
cavity, or to the anterior caudal vertebne. Where the ganglia are 
iiamerous they are connect(Ml in each lateral scries hy a band of 
nervous fibres, and resemlilo a pair of gangliated cords. TIhjsc 
communicate with the contiguous spinal nerves, and wltli the 
cranial nei*ves, usually througli small ganglia in different jiarts of 
the head, fig. 200. At the eaiidal end tlie two sympathetic cords 
usually unite witli a single ganglion in tiui under or fore part of 
the l)ody of th(i anterior caudal vertebra. 

A sympatlietic ganglion is a body connected with bundles of 
nerve-fibres, the chief proceeding to or from it in the direction of 
its axis, the smaller nerves diverging moi’e or less transversely. 

’ * Vis nervosa,’ ‘Nervous force,’ ‘Nervous fluid;’ it is in r(3lution to the latter riiuric. 
expressive of an explode*! idea, that the term ‘current’ is still used in reference to the 
course of the polar force, whether nervous, m.agiietic, or electric, 
ccxi. ® ccix. * lb. 


» Ih. 
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I t consists of ^ ganglionic corpuscles,’ or ganglion-vesicles, fig. 210, 
ity /», c, and nerve-iibres, imbedded in a nucleated fil)rous tissue. 

The ganglion vesicle may be 
c,ircumscrll)cd, or be continued 
hito a n(‘rve-fibre, or into two 
nerve-fibres tVoni opposite |K>les 

of the vesicle ; it is termed ac- « 

cordingly ‘apolar,’ Mini[K)lar/ and 

‘l)i-polar:’ the last is tbc most ^ 

roininon Ibrm, the first probably 
a genetie vStage. Whcni a gan- 
glion-eell is eonneeted by more 

than two proeesscs with nerves, ^ ' 

it is a Mnulti polar eell:’ these ^ 

aiH) most eommon in t/hc ganglia i.*r4inii]M‘>yi»ii>:iiiiirir(^«;i.ifi’irij.':ijiKii'>iiMf mu- 
»)[■ the nuiiii <' 0 ]*d of the synipa- 

thcti<‘. ; the biiiolar cells pre\ail in the ganglia of the [)ostcrior 
roots of the s|)inal lun'ves, fig. 

2t ) 1. 'J'hc nerve-fi bres in ganglions j , ; :ji ,' /;| 

consist of the ‘ white’ or broader 
hind, and of the "grey’or finer hind; 
there are also still more miiuito 

hut solid or liomogeneous fibres, l ^ 

surrounding and ('oniiecting the ifip| [l 

true nervous constituents of the V'' 

ganglion. A ncr\e on entering \ *•, j « 

a sanjrlion broaks* tip into its sipiliir 




Frtiiii tlM‘>.vnii':iiliftIf<'«;i>‘fi’'M-ij.':ijiKil'>ii of Mu- Jtrty, 
t'f.X.VIl. 




coinp(.)nent fibres, which interlace 
ahout. tlie ganglion-eidls, some- 
times winding round them, with 
]»l(*xifi)rm interehauges of fibres 
iroin otlu*r o.Mffvrnifr iw»tv' 0 >; nnd 1 - 'y/l 


W 


times winding round them, with 
I » I ( * X i 1 ‘or rn i 1 1 tore h auges ( )f fi I >r<‘s 
iroin other entering nerves and 
from the <’ells. 

lliddor and Volhman * give the 
^ul)joined magnified view, fig. 
212, of the ^ intercoiiiinuTueating’ 
nerve-fibres between a sympathetic 
ganglion and a spinal nerve in the 
Krog. ji r is the sympathetic, ii 


plif 


slio\y i ng tlie part next tlie lioail ; ,,( , „o 

<’ is the s[)inal nerve, 0 showing mu- i.;uu.Miir:svcM'(i. oami. 

tlie part next the myelon ; a is a portion of the communicating 


ecxij. 
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fei^j^QU^pasaing to the inyelon ; A, a portion passing to the peri- 
phery ; filires of tlio coininiiiiicatlng nerve passing in tin; 
syni})athctic towards the head; similar fibi*es passing towards 



i.'i n iiif .s;.»iii..'itlu.*ic nml thin! sj-lniil lU'W*' tn tin.- I’ro}.'. < cxii- 


the pelvis; //,//, arc ganglion-cells; //, sjieeks of pigment^ which 
mark th(3 ganglions in the Frog, 

§ 08, Hj/m.]nithrtir of Ftshrs,- Tills system, as being an olf- 
shoot or sulKmlinato. element of the general myelence]>haloiis 
series of nerve-organs, Is diHerentlated by ])rogressive steps, la 
the ,My.\iiioid Fishes it is reprcseiite<l by the intestinal branch 
eontinued from the conHiieiiex' of the two iu*r\i vagi. In Osseous 
Fishes the visceral jihixuses arc eontimied into or oonnectod with 
slender nerves, aceomiianying the aorta along tlie hannal canal, 
and representing the trunks of the sym])atlK3ti(r in liiglun* Verte- 
brates. The first or anterior eummimieation of this nerve, In the 
(vod, is with a branch of the fifth, and a filament is sent forward 
to the ciliary ganglion ; in the Carp a filament joins the ahducent 
n<‘rve, to whlidi Cuvier thought lie had also tj’aeed a filament of 
tlie sympathethj In tlic Cod ; the sympathetic next commiinioatcs 
with lliat anterior portion of the vagus (the glosso-jiharyngeal) 
Avhieh joins part of the acoustic nerve, and su[)plies the first ])ar- 
tition of the gills ; the sympathetic trunks also receive accessions 
from tlic trunks of the vagus, and, converging, ifitcrcornmunicato 
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1)V a cross hraiich : they then send nerves wliich join the gastric 
In’anclics of* the vagi, in order to form or join a splanchnic gaiiglicu 
and plexus on the mesenteric- artery, Irom wliicli plexus bramdies 
arc sent to the intestines, ]>anereas, and s[»lcen. The sympatlieti(*, 
trunks aie continued on each side of the aorta, along the back of 
the abdomen, into the hannal canal; communicate, in their course, 
with the ventral branches of each of tJlc spinal nerves ; supply by 
filaments, usually accompanying the arteries, the kidneys, tlie 
generative glands, and the urinary bladder, where this exists ; 
iiud often, filially, hlend together into a common trunk beneath 
tlie tail, (ianglions are sometimes found at the junction of the 
sympathetic with the fifth, as well as at tliat with tlie glosso- 
pharyngeal and witli the vagus, heliire the great splanchnic is 
rormed: small ganglions are more rarely discernible at tlie junction 
of the sympatlietic with the spinal nerves. 

The s])laiu‘hriic ganglion of the Skate is a large fusiform body, 
of an ash-n^l colour; the suc(‘eediug ganglia on the trunks of 
tlui sympathetic, arc larger and more coustaut than in Osseous 
Fishes ; hut the intervening chords are scmi-transfiarent. 

§ ol). SijnifHffhrtii' of -- -The trunks of the symjiathctic 

ajijiear, in the Frog, to lie formed in a great jiroportion liy con- 
ti’iliutlons from or communicatious with the .s]>iual nerves ; tliere 
are, however, slight enlargements at the jioints* of connection, 
often marked by |)ignient-cclls, in Avhich true gaugliou-cclls 
oeciir, as shown in fig. 212, //, 

In Ophidht the trunks of the sympathetic, conspicuous at the 
anterior part o(* the tniiik-cavlty, on eaeli side the vertebra, 
hodios, show as little any enlargements Avhen'. they re«*eive the 
connuunieating branches of the s[nnal nerves as in Batrarh'ut, 
Tliey slightly diverge as tiiev approach the basis cranii, and are 
reil(‘cte<l outwards to the vagus, forming a conspicuous ganglion 
at the junetiou. From this ganglion the sympathetic is continued 
iorward in a canal of the basis] dieuoid, and Ibrms a small ganglion 
with a braiieh of tluj second division of the lifth ; it sends fila- 
nients to the membrane covering the posterior jiart of the mouth 
and jialatc, one of which communicates again with the maxillary 
noi've. From the last ganglion there proceeds ‘ another liranch 
forward to form another ganglionic union’ (sjihcno-palatine) * with 
a branch of the second trunk of the fifth, and from this a branch 

sent to the posterior part of the nose, to ramify on the schnei- 
< erian membrane ; other branches are given to the membrane 
oovenijrr the mouth and jialate, and one passes (‘orwanl and com- 
>^^nuiica.tes again Vi th a branch of the second trunk of* t he fifth, 
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aiul is distributed on the inembnuie covering the anterior part ef 
tlu^ inoiitli and palate, ft is worthy ot* remark that the nerves 
distril)utc‘d on the membrane of the mouth and nose communicate 
so many times with branches of the second trunk of the fifth, and 
their Ci)nnectlon is so much gi*eater than in the Turtle ; but in 
this creature tlie palate is horny, and not so extensive, in propor- 
tion to tlie size of tluj lioad. a, prolongation of the sympathetic 
connecteil with the triudc of the par vagnm, but not directly with 
the ganglion of the sympathetie ; it eommunieates with the ninth 
nerve, then passes down the spine, and connminicates with tin* 
ele\eu siipin'ior sjnnal nerves: it emerges on each side at the 
place the superior branclies of the vertebral artery enter to di.s- 
tribiito l)ranehes in the intercostal spaces ; it is continued d<»wn- 
wards in a very fine plexiform prolongation with the vert elnal 
artery, a.-’ far as the origin from the right aorta; it then brancho 
to ear'll .<lde beneath the memlirane coniieeting the viscera with 
tli(^ ribs and spine, and oonmmnieates with lilament.s of tlie gar 
vagnm; it is afterwards <‘out.inu<‘d downwards, receiving a (ila- 
ment trom cjich sjiinal ner\e: in it.s coiirs(* it is a very line nerve, 
and has not any mon? ganglia than the lirst, and those eommnni- 
cating with tiic second Inink of the fifth : but at different points 
from wliich tlie nerves pass to the viscera, there is an ap|)earancc 
of a delicate plexus: tliis plexiform struetnre Aaries in dilferent 
parts, and becorne.s much greater about the beginning of the 
intestine, wlno'e it resembles that corresjxmding with the seiih- 
Innar ganglion in the Turtle: near tlie kidney it assumes tlie 
form of a inn vous membrane or retina, before it is distribntcil on 
the urinary and generative organs. Jlranclies pass from the 
plexuses with the arteries to the «liffereni viscera.'* 

Bojamis describes the symjiathetic nerve of the Enuja Kuropa'a 
as accomiianying tlie carotid artery into the cranium, and uniting 
with the vidian and the Jacial nerves. On issuing from the 
cranium it is clo.<elv connected with tlui vagus and with the 
glosso-pharyngeal nerves, so tliat it is difficult to say wlicthc.ra 
superior ciirvical ganglion exists <»r not ; and as the cervical 
vertel>r.e are ribh^ss, there is no ‘ A^ertehral (;anal,’ ami the nerve 
is closely connected with the vagus throughout the whole lengtli 
of thii neclc. Below the sixfli cervical vi'rtebra the syin[>athcti(’;* 
nerve separiites itself from the sheath of the vagus, and hecoinc?} 
(•ormectiMl with amid<lle cervical ganglion, whence issue filamcnls 
that are tlisiributcd to the aorta, the eurdiae. plexus, and the caHiK- 
plexus. Betweeji seventh and eighth cervical vertelinc is 
situated the inferior cervical ganglion, like an elongated swelHeg’ 
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oF the nerve; subsequently two dorse'll ganglia occur, and iurthor 
down, towards the middle of the back, there occurs a third and last 
ganglio)), which iiiriiislies tlic; splaiiclmic nerve : the remainder ot* 
the syrnpatlietic is made up of one or two cords, which, in the 
sacral region, give off* a great, number of branches, the divisions ol* 
whieh form the renal, hypogastric, and-sacral plexuses. 

In the I'urtlc ( dudonr) the cervical portion of the sympathetic 
has the same exposed ])Ositioii, and c^oniiiuinications, with the vagus 
above and tlic axillary plexus below, sending off filaments also to 
the arteries. The branch aC(^ompanying a division of the carotid 
in a canal at the base of the .skull gives a filament to llie jiortio 
<lnra, and conimnnicate.s with the maxillary j)art of the filth, to 
tenninale on the back part of the |>alate. Anotlmr branch enters 
with another division (d* the carotid into the rcticnlar sinus close 
to the auditory meatus, and communicates with the portio dura, 
gloss<»j>]iaryngcal, arid nintli nerves. In the trunk-cavity, tlie 
syinpathcti(‘ passes from ganglion to ganglion as t woconls, a thick 
and a fine one, neither of whi(‘h })as.sc.s beliind the neck of the 
rib: the intercoimnnnicating branches with tlic sj)Inal nerves are 
p(n‘forated by an anterior ))ranch of the intercostal artery. Tltc 
chief nerves given off from the sympathetic form two plcxirsCvS, in 
the place of tln^ ‘ semilnuar ganglia ’ of mammals : the smaller 
plexus sends filaincnt.s along the ccjcliac artc*ry to the stomach, the 
huger plexus along the mcvscntcric artery to the Intestines. Other 
hranchos pass to tlio kidneys, and the commmilcations with tht» 
nerves mark out the delicate prolongation of the sympa- 
tlictie to behind the rectum. 

In the (b’oeodile the cervical part oi' the sympathetic lies in 
the ‘ vertebral canal,’ or between the neck and tubercle of the rib, 
and the ganglions arc more distinct where the communications 
with the s])inal nerves occur, from the cervical to the lumbar 
region. The intcrgaiigliouic longitudinal trunks are twv), om? 
passing behind the ne<*k of tlic rib where it exists, at the fore-part 
of th(,‘ (diest. The longitudinal trunks converge, and unite ujioii 
tlie heginning of the*, caudal artery. There is mucli pigmental 
niatlcr upon the sheaths of tlic ganglions and nerves. 

§ fiO. AffiHnidarjes of fhv Nervous S/fstiVU, - Certain nerves, as 
those of the palm and sole in Man, ami those of the mesentery in 
<'tlior mammals, have peculiar corpuscles a])peiided to them, called 
pacmian,’ after their discoverer. Fig. 2l.‘3 shows one of tin* nerves 
the palm with the corpuscles appended, of tlie natural Aze, 
f hose in the meseptery of the cat are numerous, couspieuous, and 
‘•^vourable subjects for microscopical investigation. They show 
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a pedicle and eaj^sule, ^vltli a canal and central cavity. A sino-Ki 
•Ji;; nervous fibre, fl,i»’. 214,;/, leaves its lasciculus with 
a portio)! of* the nerve-sheath, il). /;, and proceeds 
to the centre of a scries of coueentric capsules, 
of a nucleated fibrous tissue. The nerve, //., on 
enleriuLf the central cavity, loses its white su1»- 
staiice, and, at the opposite end of the axial cavity, 
terminates by a tul»ercular enlargement. An 
arterial twig, a, aceoni[)anies the nervc-fil)re along 
the pedicle, and divides into capillaries, which form 
loo])s in some of tlie iiiterca[)su]ar spaces. The 
central cavity contains a clear tluid : it varies miicli 
in shape. 

Analogous bodies were discovered by 8a.vi, 
arranged in linear series, bordering the auterlnr 
Nvnv ..f ri„ i-aiiM, purt. (»f tlic moutli aiid nostrils, and extending- 

M i(ii I '-v- . 1* 1 . » 1 1 ' 

j.jiMi. v limiir.i. over th(^ surlace ol tlie lore-part ot the? (‘h‘f - 
trieal organs in the Tm‘[)edo: they are apjiended 
to and appear to l)e terminal developcuumts of the tihnnents <*(* 
. - the fil‘th pair of nerves. I'hielj 




l*;i«riuijn fori-ii.v!# , itii incKf nfrrrlc urrv*M»f r;ii. 
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follicle, fig. 2lo, is foviued of two 
larger capsuh^s, f and //, wliicli 
adhere together near the fibrous 
hand, e, r, vsnpjiorting ami fixing 
the organ ; it (‘oiifains a granular 
suh.stanee, c, on whi(.‘h lies the 
nerve-twig, //, transmitted from 
the nerve, //. Tins twig commonly 
r(*eeiv<?s a smaller anastomosing 
filament, //, from a contiguous 
folliele. vSumetimes two nerve- 
twigs pass from the main l»raueli 
to the same foUlelc, in which case 
it contains two distinct graindnr 
masses. I'hcse follicles are de- 
veloped from ganglionic or sensory 
hranehos of the fifth nerve. 
proper pacinian eor])uselos have 
been olxserved in connection ivilh 
tills nerve, nor with the glosso- 
])haryngeal, the portio dura, ei 
any puridy mot,or nerve. 

Besides tlie savian corpusele^ 
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[lie Torpedo has a system of mu<H)ns organs in intimate connee- 
tion with nerves of sensaiion: hut this is common to it with (^ther 
Plaj^iostomes. The system 
(loinmences, in the 'Forpcdo^ 

1 > y grou ps of glol)ular vesicles, 

M, arranged sym- 
nielrically, outside the (ilec- 
Irical organs, from whudi 
tubes are coiitinued in parallel 
tmndles until ihev separate 
themselves to ])erforate tliii 
skin, and terminate hv ori- 
(ic(*s, some at tlie dorsal, some 
at the ventral surface of the 
head. A branch of the gang- 
lionic |)art of tile fifth expands 
ii|K.)n the ampiiirdorm coni- 
iiHUKamHuit ot eacdi ot tin? muciferons tubiis. Similar organs 
exist in Sharks. Hunter placed first in tln^ series ol' s])ccimens 
of* organs of touch in Fishes the snout of the Sf>ortt'd Dtxg-fish 
i Sa/U/irm), * to show the manner of tluj nerves ramifying, as also 
their apparent termination in this [>art, each ultimate nerve 
a|)|)eanng to t(‘rininatc in the bottom of a Inlic or duel, tbe sides 
of Avliieli secrete and convey a thick mneus to the skin.’^ 
Jacohson com|)ar(*s tliom to tlie whiskers in the ('at. llesiiles tlie 
rnstrimi, these nervo-nuu’ous organs are situated u))on the sides 
:md under pari of the luaul, and on the fori‘ ])art of the trunk; 
(hey are erowdiul between the masseter, tig. /, and the 

braneliial openings, il). y, where they si'parate into two groups, 
one diverging downward, forward, and liackward, to beneath the 
])Cctoral fin ; tlie other directed u]>ward, forward, and backward, to 
the oe.cipiit. 

§ f)l. Off /an of Tonrh in Hamaioon/a, — Fu tlie Denno/iferi, 
the Av(jnHlhla\ Silnroids, and a few other Fishes, with tlie in- 
tegument wholly or in part sealeless, or with vei-y minute and 
delicate scales,' luliru ated with mucus, the whole or major ])art of 
fhc external surl*aee may lie susceptible of impressions from the 
surface of extraneous bodies eoming in contaet therewith. .Hut 

the majority of the edass the exereiso of any faculty of touch 
nmst he limited to the lips, to parts of certain tins, or to the 
•specially developed organs called harliules.’ 
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Such an orgaiilsatioii of a fold of sklu bonlci'ing the mouth as 
^uiplics the tactile taciilty is rare iufjb^ishes; the Cyprinoids 
exemplify it, and more especially many of the Indian species : 
also tlic marine family of Lal)roids. In the Sturgeon i\u) lip has 
miMierous ])apilhe, ami more minute papilhc o<‘cur on the lips ol' 
many fresh-water fishes. In the Kels tin; ii|>per li]) is rielily 
supplied hy the fifth nerve, and tlie u|)per lip of the Le|ndosiren 
is ])aplllose. The soft skin of the sucking-lip of the Lamprey is 
well supi»lied with a retlcnlate arrangement of sensitive filaments 
from the fifth ; its margin is ]»a[)ino.se, fig. 277. The associated 
l>eetoral and ventral fins, forming the sucker In tlic Lninp-fislios, 
have a texture of the applied surface, wlfich seems adapted to 
receive impressions from the part it lomdios, whereby the fiNli 
may ascertain its fitness or otherwise for the apj)lication oi' tlic 
aiichorlim ormin. 

The pectoral fins seem to be applied oeeasionally to explore (lie 
nature of the bi‘d of the water inhabited by the fish; and in tlii‘ 
Gurmirds (7V//////Ar) tliree soft flexible rays arc dctaclnal from tlic. 
fin, like fingers, fig. S2,and the large nerves snjiplying them liavc 
ganglionic (nilargcinonts at tlndr origins. The filiform radial 
appendage.s of the J^nlifuetnidw, and the jirolongeil venti’al fins <»!' 
(XsphroNif /rffSj Trirhopa,dvry and other l-iahvrlnthibramdis, ami of 
the 0|)hi(liidie, enter into the present chiss of organs. The 
harbulcs are long, slender, jiointcd jiroeesscs of the skin, either 
median or in pairs: tlie former are limiftal to the under jaw, as in 
the (had; the latter may be developed from both jaws, and arc 
called, according to their jiosition, *' promaxillary,’ ‘angular,’ 
‘ nasal,’ &c. They are eomnionly found in tlie grovidling fislics, 
such as the Sheat-fishes, Loaches, Jlarbcls, Sturgeons, fig. 
or in tlie parasitic Myxiues, fig. 248. 'fhe nerv(‘.s snp]>iying the 
barbulcs arc largo and derived from ganglionic divisions of the 
fifth pair. A (h>d, blind by absence or destnictioii ol both 
eyeliiills, lias V>een <*aptnrod in gooil condition ; ami it may he 
sii|>|)oscd to have found its food by exploring with the sym|ihysial 
harhnle, as well as hy the sense of smell.* The sublingual fil^i- 
nient of many Urtmitst^ojilnaty ami the rostral tentacle of Mfdfhc 
and IlaUruhm,^ may also exercise a tactile faculty. Tin; limlis 
<yl Ijcjiidosiron, lig, 100, have the general form rather of organs 
of exploration than (»f locomotion. 

4’he scalelcss condition of the skin in Batmc/tia makes it more 


' Arvnr. p. 72. 

^ CLXXiv. iii. |». 201. The Ijuinologous or«:raii.s in Lophiiis seem to act as l)Uit> 
Jittract smali fishc.s. ‘ 
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siivsccptiblc of jmprcsKsioiis than in higher Brptilia ; the dirtcoid 
cx])aiisIona of the tocrenck in Ilyla, and the filamentary append 
tliu^es of the toes in I^ipa^ may have more sense of feeling than 
otlier ])arts, but seem not to be apjdied in active touch. 1'he 
labial painllie of larval Frogs are so placed and supplied by nerves 
as to suggest a tactile function, ( •ertain Ophidians, o.g. Ihrpvtmi 
frnt(ind(dunh have a pair of tcntatTiilar appendages upon the 
snout: but the long, extensile, forked, filiform tongue seems to 
he used rather as an organ of exploration than of taste in most 
Serpents, and in the slendcr-tongned Lizards. The expamh d 
iocs of (! echos, fig. 162, the short, thick, scansorially-opposed 
digits in Chameleons, and the concave surface of their j)rchcnsile 
tail, althoiigli mainly nuxlitieations for ]o(‘oinotiv(i pnr|H)ses, may 
wi‘ll be sn])posed to hiiA'C a snriaee more sensiti\’c than other 
parts of the l)ody. The snout-like prodmrtion of the ii])per lip 
in Trumifcliidat and (■Iteh/s^ witli the suf)sidiary t(?gmuentary ]>ro- 
(luctious of the head in the latter, ai*e probably more direct and 
active instruments of tactile exploration in those soft-skiuned, 
uuid-hannting, and ebiclly nocturnal (Itrhmia, Some nocturnal 
Trec-Suakos ( On/nidif/s^ Passcri/if ) have a ])rolongcd snout. 

§ () 2 . Orynn of Tasfr in. Rrptiles,- The glosso-hyal, lig. So, 42 , 
(iocs not sn|)port, in Fishes, an organisatioi^ ot‘ s(d't |>arts lor a 
s))ecial sense ot‘ taste : and the description of the tongue and other 
projections and structures in the interior of the monti) ^Yill be 
given in (xmnecliou >vith the preparatory digesllvc organs. A 
Itmgue, as a gustatiu'y organ, is as little developed in the ])ereimi- 
l>rjMiehial Reptiles, and is absent in the marsn|)ial l\>ads (/Vy/a). 
There is as little tracts of t<n»guo during nmst of the larval pi'riod 
in olh(‘r Annra ; hut, {(bout the time ^vlle^ the iV^re limbs are in 
l.nid, the membrane covering the hasihyal begins to develi»pe vas- 
cular fungiform papilhe, with looped en|>il1aries and muscular filrre : 
the whole mass growing and extending from beftire backward, and 
‘•onstitiiting the retroHexed tongue, by the time the tail is atropliied. 
Tile free ])art is usually bifid or bilobed. It is mainly an organ 
prelieusion, and will lie described as such, t»>gotlier with the 
tongue of the Chameleon, in connection with the organs of nntri- 
tnni. Ill the thii'k-tongued Lizards, e. g. It/nann Inhvrcniaiay the 
dorsum and sld(\s of the tongue arc nniiutely j)a{>illose; in Tiliqna 
f<rfuroidi\s they arc coarsely jiapillose : both the food and tlve teeth of 
these Sauria indicate a certain amount of mastication, with whieli 
die sense of taste is eorrelated. In most Ileptilia tluvi'ood is bolted 
entire. In the Tortoise {^Testudo indiva) the tongue is beset with 
^umierons elongflted and pointed pa[iilla‘: in the Turtle 
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mi/(ias) the tongue is wrinkled aiul devoid of papllla\ In the 
(h-oeodiles the tongue lias no projoeting extremity, and is hut 
slio-htiv raised above the level of the membrane which attaches its 
ciivumfeveiKHi to the maiuliblc: hut its dorsum is marked by a, 
grouj) of follicles an<l increased vasimlarity of that part of' its 
vsurface. 

§ 63, Onjan of Smell in llivmatoevya. — The essential charact(M* 
of the organ of smell, in Fishes, is the pituitary ineinhrane lining 
a sac with one or more apertures upon the external surface ; and 
fJiat, in the few oxce|)tions in which it is extendeil into a canal 
communicating with the mouth or fauces, such naso-palatinc canal 
is never traversed l)y the respiratory medium in itvS course to the 
respiratory organs. 

The extremities of the filfactory nerves, fig. 203, ex|>and 
ujion the ])ituitary inemlirnne^ which is highly vascular, and is 
covered by eiliated e})ithelluin : Its extensive surface is ])aeked 
into the small coin[>ass of the olfa(‘tory ea[)sule by numerous liihls. 
‘l'h(: eapsule is forme<l by a fibrous membraiu*, whieh is sonu^tiincs 
sn]»p(»rted liy a eartilagiiious, and more fnMjiiently by an osseous, 
liasis, called the ‘ tiirbinal tioiie,’ tig. 81, r.*.’ 

ill the Devmopteei the olfactory organ is single: Kiillikor'' 
regards as such a snialh blind, t(‘gnmentarv depn‘ssion, fig. 169,/;/, 
beset with vibratilc cilia, and connected with the anterior end nf 
the qnasl-brain of the Branrhiostoma. The more obvious and 
satisfactorily determined olfactory organ of the Ammoeetr is in the 
median line, opening above tlie month in front of the braiu-sai*, 
fig. .>9, 10 , whence a narrow canal is prodnoed backward iVoni the 
bottom of tin; sac to the base of the skull. In the Myxinc tlui 
])arietcs of the olfactory canal are similarly situated, lined by a 
longitudinally-plleated pituitary iiumibraue, and are strengthened 
hy cartilaginous rings, like a trachea. The naso-palatinc tiil)c 
opens liaekward u|)on tlie roof of the mouth, and this opening is 
provid(‘d with a valve. In the Lamprey the flask-shaped nasal 
sac, lig. 61, /<, opens upon the toj> of the head: a siiiijile iiieiii- 
hranous tube is continue<l from the cx])andcd bottom of the sac, 
wliicli dilates as it descends, but terminates in a blind end at: the 
liypophysial vacuity, fig. 60, //y, of the base of the skull, where 
the inuc.ous membrane of tlie jialate jiasses over it entire and 
inj|)erforat(‘.*^ 

In all Fishes, save the DerrnopterL the olfactory organs are 
double, and they liave no cominiinioation with the mouth, b' 
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()sse<nis Fislios they arc situated on the side.s of the snout, in a 
cavity formed by the nasal, fig. 75 , ir>, the jirefrontal, u, llic 
lacrymal, 73, the |)remaxillary, 2 -j, and the vomer. TIjo eaj).sules 
are covered externally l)y the skin, which is usually ])ier(*ed hy 
two ojKMiings for each sac: the Chroinides, and all the Wrasses 
with ctenoid scales, have a single opening for each nose-sac ; 
where tliere are two nostrils the pi^terior is usually open, the 
anterior closed, as by a sphincter or a valve: the anterior aperture 
is often prodii<!ed into a tubular jirocess, as in the Loach, whicli 
jK'ts, either hy inus(‘ular power or hy some modification of form, 
as a val\e. Bolli a|>erturcs in some Lojdnoid Fishes are bell- 
slia])ed and pedunculate. In some Siliiri a tentacle* is continued 
from the external nasal tube. When the nasal sac is round, the 
pitiiitaiy plica*, radiate from its centre: when tbe sac is elongati'd, 
it is usually iraversed by an axial partition witli a nnv of folds on 
each sidej ; and there are transitional arrangements, as in the 
I*crch, figs, LU, c /, Sc 131. In a few Fisiies tlu^se folds are 
Ihrther conijilicated liy seirondaiy processes. Fhe Sturgeon pre- 
sents the radiated ty])e of the olfactory organ with secondary folds, 
fig. 12 . 3 , 19, but, like the l^olypterus and Lepidosteus, each mesal 
sa(*- has a donlile ajierturc: the Le[>idosir(‘n has an elongated nasal 
sac, with the liiserial arrangement of pitnitarv folds, and witli two 
a|)erliir(!s, fig. 18(i, <;/, upon the under [»art oi‘ the thick upper lip, 
hut neither of these eommunicato with the mouth. lu some 
Osseous Fishes the olfactory sac is ilivided into a idicated and a 
smooth part: tin* former exercising the sense-function, the latter 
that of a reservoir, in the Mackerel this exteiuL dnwii to the 
jialate: in tlie Wolf-fish tin* reservoir passes hatdvwanl, expanding, 
as far as the liack jiart of the palate, wliere it ends blindly. The 
prolongation of tbe single nasal cavity in the Ijamprey is analogous 
to this. 

In tlie riagiostomes the nasal cavities are situated beneath the 
snout, in the Sharks, figs. 30 Sc fi3, h : lieiieath the fore ])arl of 
the head, behind the Imse of the rostrum, in the Saw -fish ( 
fig. ()5 : or near the angles of the mouth, as in the Cliinncra ami 
tlic Hays, whm*e a groove extends to the mouth. Each olfactory 
cavity lias a single and commonly wide ojauiing, defended by 
valvular proi*esses, supjiorted by p(‘culiar cartilages imn’e or less 
intimately conneet(*d with the proper olfactory cartilaginous sacs, 
and representing tlie sujieradded cartilages of the *■ ala* nasi ’ in 
higher Vertebrata.’ They liave their proper muscles : wheuci* we 
must conclude that these Fishes scent as well as smell, i. e. actively 

* Sre tin; (fusevijuion of these ‘ naseniUigelknorper in xxi. p. 171. 
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search for odoriferous impressions by rapidly cliangiiig the current 
of water tlirougli tlic olfactory sac/ 

The Protoptvri show no outward signs of olfactory organs: the 
thick upper lip must be raised to living the plicated sac, with its 
two remote orifices, into view. In Amphiuma tlie external nostrils 
are minute, approximate, and near the end of the snout. In the 
Siren and Axolotl the external nostril is consjneuous on each 
side the snout: the internal one ojieiis outside the scries of 
j>tcrvgo- vomerine teeth. In the Siren the maxillary do(*»s n(»t 
extend back so as to divide the internal nostril Iroin tlie inner or 
under part of the lip: in the Ax(»lotl it is so extended, and the 
opening is situatc<l lietweim the maxillary and palatine series of 
teeth. In these, as in the /Ve/ez/.v, the olfactory ineinlirano is 
plicated at right angles to a longitudinal seam. In the Newts 
and Salamanders the olfactory memlirane is smooth, and lines an 
oval cavity with an external nostril and a palatal one, the former 
defended liy a little fohl of skin. 

In tailless Ihitrachia the external nostril has an inferior fla|>, 
endowed with a slight movement: the palatal is widely o]kmi, 
between the palatiiu' and maxillary bones, near the fore jiai't 
the mouth. The olfiictory membrane is not augmented by any 
folds or promineiiecs. In the Pijio it i>rosents a eylindrlcal form, 
and its outer ojxniing is mu<*li nearer tliat of tluj opposite side 
than in otlier Anoura. In Ophidia the external nostrils are 
donlde; the internal nostril is singhi and median: the bom^ and 
gri^tle snp[>orting tlie olfaetory sac, make some jirominences in it: 
the pituitary memiiranc is almost black in some (\»lnbers. In 
and other snake-like Lacortians, tlie palatal nostrils o[Jcn 
scjiarately. 

lu the Iguana a single broad turliinal cartilage e.\ tends into the 
olfaetory .cavity from the outer side, t(a’minating below in two 
tuherosities, ^Flie ineatns extmids at first longilndinallv back- 
ward, then Ixaids downward to open uiioii the jialatii Ix^tween the 
aiit<‘nor maxillary ami tlie |iterygoid teeth. The turbinal projects, 
with slight modili(‘atlons of proportion ami Ibrni in the nasal 
cavity of other Lacertians. The external nostrils offer varieties 
of relative size, shajH*, and position, seldom receding far from the 
muzzle in existing species. In the extinct Saiirians of marine 
habits, fch/h/o.sat/rus and Plesiosauma^ tlie external nostrils 
ofiened near the orbits, at a distance from the muzzle. In Vhvloim 

* Ms the of* smolliri^^ in Fisln.-s siinihir tn tJistiiijr i,| other animals? Or is 

the air e<..mainea in water iniijn'-nated with the oiliuiferous pails, and is it this air 
wliicli the fish smells? ’- -./yAw lluntir^ in xx. vol. iii. j). 88, « 
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and Crocodilian the external opening to the nasal orgaTi in thesknll 
is single an<l median, situated at or near the end of* the muzzle. 
But in the Clielonia the nostrils are distinct, although approxinuite, 
<»ii tlic integument: in Trii>mfx and CIud//s they are tubidar, c.ou- 
tinuod almig a short prohoscidiform production of’ the integument, 
■riie septum narium is gristly. In the I'urtle { Chelonc) the nasal 
cavity su<ldenly expands to contain tbe tur])inal cartilage. The 
[leriosteuiu of’ the cavity an<l the pituitary membrane are both 
coloured by dark pigment, and the latter is thick and vascular, 
'riie palatal orifice is median and single, towards the fore part of 
the rool’ of’ tlu^ mouth. In the Crocodilia the tegumentary nostril, 
like the osseous one, is single, crescenti<*, with tlie coneavity 
backward, and (dosed hy the fleshy ])ost(‘rlor valvular lobe: in tlie 
(lavial the tegmnent surrounding the nostril is thick, ahundant, 
and can Ijc raised from the bone, or (weelcal, to bring the orifi(’e to 
the surface of the water with<3ut exposure of other ])arts of the 
head, ddie nasal cavity is of great length, commencing at the 
Ton? jKirt tlie muzzle, ami terminating heneath the oc^ciput, also 
l)y a single aperture, close to which the nasal septum terniiuatcB. 
'flu* anteri<M* third part of the meatus is most expanded: the 
pituilarv momlirane is extembnl upon a hilolx^d turbinal, partly 
l)ony and i>artly gristly : the meatus also coinmunleates willi 
large cells or sinuses. 

§ (id. Ocifaa of Si</Id in 7’Va7/c.s’.- -The organ of sight makes its 
appearanee in the lowest of Fish(\<, c. g. the lianeelet and Myxine, 
mider as sinijdo a form as in the TiCeeh : a uiimile tegumentary 
iolllfde is (‘oated hy dark pigment, whi(di receives the end (T a 
special ccrchral n(*rv(?. This simple (\yi'speck, the first mechanism 
for the apprccTation of light, is repeatixl in the Amh/t/opsis 
fig. 17o,e. Kudimental eyeballs lamTCd hy the skin exist in the 
Apfcrirftfhf/s c(ccus : the small, but more complex, eyes of the 
f^epidnsireii, with crystalline and vitr(;ous humours, ehorold and 
Siderotic tunics, are also ('overed by tlie skin, but tins becomes 
transparent- where it passes over them, and, adhering to the 
Siderotic, fiirms a ‘cornea.’ The cyi?s of tlu! Eel tribe and the 
Nilni-oid Fishes arc small: llu^y are of moderate size in the 
Flagiostomes and ( ianoids; hut in most Osseous Fisht‘s the eyes 
are remarkalile foj* their large size, which Ixa'omes enormous in 
some, e. g. Ortlua/orLscus, jMt/ripris/is^ Priarauflrns. The eyes 
arc usually placed in orbital (^avities, one ou each side of the 
htiad; only in the unsymuu'trieal Flat-fisli arc they both placed 
the same side : in the Stargazer ( Uranoscojms) the eyes are 
approximated (ai the upper surraco of a nearly euhical head, and 
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are directed towards the heavens : in the Ilainmcr-headed Sliarks 
they are supported on long out ward -projecting |)edieies. 

The optic tu'rve, lig. 210, n, usually perforates the eyeball 
ol>li(piely out of* its axis, but soineti^^^es directly in its axis. In 
Osseous Fishes it is compressed whei'e it 
passes thnnigh the sclerotic and choroid, 
and then tonus the retina by unfolding 
itself, like a fan spread out and bent into 
the form of a cone, leaving a fissure, where 
tbe free lateral borders meet after lining 
al)out two-thirds of the liollow globe. This 
fissure extends from the entry of the nerve 
to the anterior margin of the retina, and 
through it a fold of the innermost layer of’ 
the clavnnd passes into the vitreous humour, 
sometimes accompanied hy the dark ])ig- 
ineiital Ivuyschian layer.* The fold of the vas(‘ular choroid, 
whether a<ieompanied by the pigmental layer or not, is called llie 
‘falciform process,' /•: it carries before it a fold of tbe ])roprr 
tunic of tbe vitreous humour (•membrana byaloiilea’), and usually 
extends to the capsule of tbe lens, r/, to wliieb it is atlacljcd by 
means ol a clear l)ut firm substance, called the ‘ (‘ampanul.i 
lIall<M‘i,’ 

The posterior or outer layer of the retina consists of the cel- 
lular basis, su[)j)orting the stratum of cylindrieules, standing 
vertically upon its (xm<‘av(*, surface, witli the interbleiubKi twin- 
l usiform c<»rpiiscl<*s, both of which mieiM^si’opiii striu'tures are more, 
ea.^ily demonstrated in the present than in the higher classes of 
\ ertel>rata. Kaeli t wiii-eorpusrh* is surrouiidod l)y jt circle of 
cylindrieules. The ])rimitlve nerve-libres ra<liate over tbe evlin- 
drieules, witliout anastomosing, and terminate in frt'.e (uids, not hy 
loo])s, at the basis of the ciliary zone. A delicate but well- 
defined raisetl rim or ‘ bead’ runs along both the anterior margins 
of tin* retina, aixl along tlio^e which form the (idciform slit. 

1'he ervstalliiie lens (f/) is spherical, or nearly so, large, firm, 
with a dense nucleus: it is almost hurled in the vitreous huinour, 
where it is steadie<l by tluj attachment of tin* falciform ligani(*nt 
to its thin capsule: tlie fore part proJe(‘ts through tln^ pupil 
against tlni flat cornea, and so nearly fills the anterior ehamher, 
tlial but a \ (*ry small s[)ace is left for ‘ atpieous humour.’ In fhe 
(‘ud uiuJ (»tln*r Gadidfv. the fibres of tbe lens converge, like the 

xs. vot, iii. p. lit; uye uf tlio Boiiito, prep. no. 
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iiieridiaris of a <1^101)0, to two opposite ]>oii)ts or poles of the sphe- 
roid: ill the S(dm()m(itci\\\{\ Shark, they converge to a linear tract 
or septum at each pole, as in tig 
*2 IS. [n the fibres of the lens 
of a cod -Brewster discovered 
tlie marginal teeth, like those of 
ra(?k-W()rk, by which the fibres 
are interlocked together, as in 

I'his acute oliscrvcr computes 
■five millions of fibres and sixty- 
two thousand five hundred mil- 
lions of teeth in the lens »>f a cod : 
yet in the living and fresh state 
this organ is trans|»arent. 

Hie nidiatirig fibres and elong- 
aletl e(?ils of the liyaloid tissued 
with the interstilial vitreous 

humour,^ presemt a firmer eon- hns. huriiiy iniurhiur.i, ,^!Mr>vi!iL'iiiUT 

. , ,1 . I , iofkiiik' of ilu-ir m.-ir-Jin.-r. ( r.\in 

sisteney than in the liuman eye, 

and sliow' their intimate structure arid arrangement more clearly 
under the microscope Ihaii in aMammalia. 

The membranes situated between the retina and sclerotica, 
called collectively ‘ clioroid 
tunic,’ are threij in num- 
her: the external layer in 
t )sseous Fishes, called ‘ mern^ 
hnma artfcntm ' fig. 2 1 (>, e, is 
Composed chiefly of micro- 
scopical acicular crystals 

scu ‘ /fallen; ill ^ 

Its name implies, is tlio chief . " V, , 

heat ot the ramifications of 

the choroid vessels: it also supports the ciliary luu'vos. The 
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innermost layer is tlic ^ mcmhrana picta,^ sen ‘ Riijjschiana^ 
also ealled ^ uvea,’ which is coinjjosed of hexao’onal pigincnt-celis, 
usually of a dccj) brown or black colour. In the Grey Shark 
{^Cialciis\ the silvery layer is laid ui)Oii the central surface, not 
the })eri|)hery of tin? choroid.' 

The formation of the iris, //, by the prodiuvtioiiof all these niein- 
branes is well shown in the eye of the Sword-fish Xiphins, fig. 21G, 
where its thick base or ‘ ciliary ligament’ h overlaps the con- 
vex border of the bony sclerotic/^ The membrana argcntea u])on 
the front of the iris gives great brilliancy to the eye, in many 
fishes. Tlu* pupil, /, is large and usually round: in many Pla- 
glostomes it is elli])lic; in Calras it is qiuidrangidar ; in the Hat- 
bodied Skates and IHeuroncctiche, lhat grovel at the bottom and 
receive the rays of light from above, a fringed jyrocess descends 
from tlic upi)er margin of the i>upil, and regulates the (juantities 
of admitted light l)y being let down or drawn U|) lik(» a Idind. 

The muscular structure of the iris is very feebly developcHl in 
most fishes : it is best seen in the jmpillary curtain of the Skate, 
the plic:ated anterior border of the uvea fonns the so-called 
'ciliary zone, or processes,’ ki they arc the most comp]icat<.‘d in 
the great Shark (ScA/c//cj where each process 'consists of two or 
three minute folds, which, as they run f‘orward, unite into one, 
and terminate in a point at the circumfercmce of the iris but 
i hey do not, as yet, project freely inward and forward from the 
surlacii of the uvea. 

The subordinate and accessory character of the sclerotic cap- 
siilo, fig. 2 1 G, /, /, fig. 2 1 illustrated in most Osseous Fishes 

l)y its deviation from the sub-spherical form of the true eyeliall 
which it protects, and hy tlic great quantity of cellular, and often 
also of adipose tissue, fig. 2IG, which fills the wide interspace he- 
tween the sclerotic and the choroid. In the fibrous tissue of the 
sclerotic are usually developed the two cartilaginous or osseous 
hemispheroid ciq)s already described (p. 115, fig. 81, 17 ); but in 
])lace of these, in the Orthayoriscusy as in the IMagiostomes, the 
ea])suie is strengthened hy a single hollow, cartilaginous, jicrforatcd 
sph(*.roid. Tills varies in thickness at diflerent parts, being usually 
thickest behind, and particularly so in the Sturgeon. TJic ante- 
rior aperture is closed by the cornea //, which is essentially a 
modified portion of the eorium e, adhering to, as it jiasses over, 
the usually thickened bord(*rs of tliat aperture. In the eye of* the 
Xip/iias^ may he tracked an accession to tlie cornea from llie outer 

• XX. vol. iii. p. U7, prep. no. 1C61>. 
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iihroiis layer of the S(*loroti<5, wliicli undergoes the same (change 
of tissue, and forms the ]>osterior layer of the cornea. This 
transparent window of tlie eyc-eapsiile is (juite flat : its laminated 
structure is well displayed in the cormva of the Ortluuform-us^^ 
and a darh-hrown pigment here stains the soft integument or 
^ conjunctive memhraiuf {o\ continued from the peri])hery of the 
cornea. In the eye of the same a very delicate layer or 

lining raemhrane is reflected from the posterior snrfac'C of the 
(‘oriiea, answering to the ‘ memhrane of the aqueous humour’ of 
laud animals: this liumoiir exists in very small quantity, just 
enough to lubricate the iris in the eyes of I'ishes : the medium 
through which the rays of light reatdi the eye needs no refractive 
aid iroiii an aqueous fluid interposed before the lens in tlie globe 
itself. 

Amongst the most characterislic pecuHariti(\s of the eye in 
the typical or Osseous Fishes is the so-called S*hon)id gland’ 
fig. 2l(), o, fig. 211), // ; this is of the class of bodies called ^ vaso- 
ganglions ; ’ it usually |»r(‘sents a dark red colour, and lies hotweeu 
tli(‘. ‘ silvery’ and ‘vascular’ layers of the choroid, more or less 
encompassing, in the shape of a horsc-slioe or bent magnet, tlie 
entry of the optic nerve. Dr. Albers^ discovered the rich marginal 
plexuses of vessels, ‘ the roots of which have their origin in this 
body,’ and the body itsell he believed to consist also of a convolu- 
tion of blood-vessels. Ordinary dissection, liowever, shows its 
compact substan(‘C to be arranged in ])arallel straight lines ninning 
between the ironvex and comsave borders, and it has been called a 
‘ muscle ; ’ but the supposed ‘ fibres consisted, in reality, of minute, 
]>araUel, and closely-disposed vessels, l)oth arteries and veins.'' 
Professor Muller has <letected a relation of cocxistcuce between 
the choroid vaso-gaiiglion and the pseudo-liranchia, to which the 
Sturgeon, Lepidosireu, and the IMagiostomes are amongst the 
exc(^ptions, having the pscudo-brancirue but not the vaso-ganglia ; 
Sllurtfs, Phnclodus, S//?iodony Cid/ifis, and all the Eel-tribc, liave 
neither pseudo bi-anchijc nor choroid vaso-gauglia. 

The most remarkable exce]>ti()n iu tlie structure of the eye in 
the present class is jiresented by the Aualilcps, the cornea of 
wliich is bisected by an opaque horizontal liiie, and the Iris per- 
forated by two pupils. 

The general form of the eyeball, or rather its eaiisulc, in Fishes, 

a spheroid, flattened anteriorly, around which part the iiilogu- 
uieiits commonly form a circular fold, yielding to the movements 

‘ XX. vol. iii. [). 147, prop. no. 1(565. " 11). prep. no. 1G4U. 

“ Lxxvi. • * XX. vol. iii. (1836); p, U5, picp. 1656; and nxvii. 
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of live jjjlobe. In Orthafforfsctfs the circular palpebral fobl is 
(lec])er, and in provided Avitb a sphincter: in most Scombcroid and 
Clii|»eoid Fishes there is an anterior and a posterior vertical trans- 
parent fold or eyelid. In the eye of the topei and blue Shark, 
there is a nictitating membrane siiperadded to a Avell-developed 
circular palpebral fold of the skin. A conjunctive imvmbrane is 
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rcHected from the circular eyelid over the 
tliird eyeliil, whicli is j)hiced at the nasal side 
of the orbit, and then ]»asses over the anterior 
half of tlie eyeball. A st rong ‘ nictitator ’ mus- 
cle rises from the temporal side of the orbit, and 
])assing through a muscular and ligamentous 
loop, descends ol)lir[iiely to be inserted into the 
lower margin of the third lid. The trochlear 
muscle has Jin Insertion into the upper p:ii-tor 
the circular lid, and depresses that part simnl- 
tane(>usly with the raising of the third lid.‘ The 
]»ropcr muscles of the. eyebjdl exist in Jill fishes 
cxc(‘|it the Myxinoids and TiCpiilosiren, and 
consist of the four yvW/, fig. 211), i,2,a,4,an<I two 
ib. h : the latter rise from the luisal 
side of the orbit, and arc inserted most favour* 
aldy for effecting the rotatory movements of 
the eyeball: but the su])erIor oblique, has 
not Its direction changed 1)y a trochlea in the 
])resent class. In the (.lalcuH there is a specijil 
protuberance of the u[)per i)art of the <‘arti" 


,j,ri lagiuous scIcrotic for the common insertion of 
the net ns sn peri or jiud ohUfjnns snprri(fr: 
and a second protidierjince below for the common insertion of 
the ohli(/nns inferior and rectus inferior. The recti muscles 
rise in many Osseous Fishes from the sub-(*ranijd canal;" 


the origin <»1 the reetns e.vternus being prolonged furthest back. 
Ihit the recti muscles are most remarkable for their length 
in the lljiimner-headed Sharks, sinee tlujy rise from tluj basis 
cnuiii, and extend along the lateral processes or peduncles, at the 


‘ The fiunily of Sharks, including Gakm, Carcharias, with this grade of palpebral 
structnre, are called ‘ nietitantes they arc amongst the most active and formidablo 
of these great predatory Fishes. 

- If, therefore, wc regard this canal as part of the orbits, wc must add the alisplienoid, 
hasispheiiuid, and even the basioccipital, to the bones enumerated at p. 116, as fonning 
the chambers for the eyeballs and their appciidagcs in Fishes; and this multiplicity of 
orhital bones interestingly rci)cats or parallels the characteristic formation of tho 
ototrancs or ear-chambers' in the present class. * 
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free extremities of which the eyeballs arc situated. In all. 
Plaglostoines the eyeball is siijiported on a cartilagiiions peduncle: 
this is short and broad in the Kays; longer and cylindrical in the 
Sharks; in Selache it is articulated by a ball and socket synovial 
joint to a tuberede above, and external to the entry of tin.*. (»ptic 
nerved A librons ligament atl aches the sclerotic to tlie wall of 
the orbit in the Sturgeon and the Saluidii. 

Tlie space between the eyeball and the orbit contains a soft l>ed 
t»f golatinoiis and adipose sid»stajiee : but there is no bnnymal 
gland in Fishes. An apparatus to moisten tlie cornea was, of 
course, unnecessary in animals perpetually moving In a liquid 
nMHlium. The cornea, which in most fishes is always exposed to 
that medium, is flat ; it is, therefore, less lial)lo to injury in the 
ra]>id movements of the fish, and being loved with the side of the 
heael, ofters no im])edinn‘nt to those movements. This form of 
cornea diminishes the capacity of the a([ueous chamber ; but the 
a<pieous humour is needed only to fioat the fr(*e border of the iris ; 
and to make up for the small quantity of that humour, the retrac- 
tive. j)Ower of the lens is maximised by its S|>lieriea] form. To 
compensate for the deviation from the spherical form of the eye- 
ball, produced by tlie ilattening of its fore-part, and (lie consequent 
loss of ])Ower to rc'sist external pres.sure, the .sclerotic capsul(j U 
caidilaginou.s or Ixoiy, 

§ fio. On/aHs of Sif/ht in llrptih's, — The eyes are very small, 
of simple structure, and concealed by the skin, whitdj passes 
smoothly over them with little other change than snbtransjiarenc.y 
of texture, in both the ichthyo- and o]duo-niorpli(nis Iburachia. 
The sclerotie, in Protvmi^ is lined by some dark piginent, and 
contains a minute spherical lens. It may serve to warn the 
animal, wandering intv) light, to retreat to the safe darkness of its 
native subterranean waters. The Axolotl has the eyeball better 
devtdoped, and jirovided wdtli nuiscles ; Init devoid of lids. In 
the ^Sewts there is a horizontal fold of integimieut over ea(di eve- 
hall: the retina is tliick, although the ojitic nerve is small : the 
choroid shows pigment: the pupil is tiansverse ; the lens is 
J^jdierical. The cornea Is convex in the Land Salamander. In 
Newt.s the oyeball.s are retracted in water, and are less prominent 
than in air; for tliis pui'posc there is a kind of choanoid muscle, 
besides the ordinary recti and oblupii. The eyeball is very small 
iu Pipa^ and has no eyelid. In the Frog, the eyeball is propor- 
bonally large, and is proinment: the globe is s})liericnl ; the 
sclerotic of sulnairtilaginuus hardness anteriorly; clseAvhero it 

‘ XX. vol. iii. p. 175, prep. no. 1762. 
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allows tlie colour of ilie choroid to be seen through It : the corjioa 
is very convex. The choroid lias an argentliic or nacreous layer 
externally, and a dark pigment internally ; the former gives the 
bright colour to the iris in both F rugs and Tt)ads. The pupil is 
subrhoinboidal. A slightly ])licated ciliary circle adheres to the 
ca])sule of the lens. The retina is thick, and is continued to the 
capsule of tlie crystalline, which forms a small spheroid lens. 
Ucsides the usual muscles of the eycljall, there is a choanoid 
nuiscle ; the eyes are strongly rcU’acted when the Frog dives. 
^ri\e chief nictitaling lid is the lower one ; the iipjier eyelid merely 
fullows the movements of the oyehall when it is turned down. A 
small nnisclea rising from thelowerand hack ])artofthe eyehall semis 
two tendons through the choanoid, which wind over the sl<lcs of 
th(‘ hall to a pulley at each angle of tlie orbit, through which they 
pass tobeattached to the anglesof the lower lid: this is trans])arcnt. 

The eyes are small in Serpents: the s<*len)tic is fibro-carti- 
laginoiis, hut thin: the choroid resembles that in the Frog, hut 
with less brilliancy of the argentine 
layer: the ciliary jTicte are small and 
f<.‘(:‘hle : there is a delicate falcii’orn) pro- 
c<'ss, Avithout pigment: the h;ns is moic 
spheroid than in Lizards: the ])iij>il is 
round in most Serpents; hut is a ver- 
tical slit in venomous Snakes, in 
a])d in the nocturnal species of Di/jstr- 
r//V/rc; and is horizontal in most species 
of /)rt/opltfs^ cs|»e(*ially those which have 
r.nii{!(.sc (.f a thc luiizzlc poliitcd aud ])rol()nged. Ihit 

^ il >4 r, iLM\. 1 1 • f' I* • • I 1 • 1* 

tlie enun ]>eculianty in the ojiludian 
<»rgan of vision is in its defensive part, iig. 220. The intt'gn- 
ment, c, is (*<)nlinuc<l iVoni the surrounding cin-les of scah's, 
f/, directly over thc eye: it consists of a layer of transparent 
cpiderm, an<l a thin layer of ehorinin, wliich adheres to the out(‘r 
part of the coTijnnctive sac, /! At thc exuvialing period, iheejii- 
dei'in, c, becomes opake, and is shed in connection with that of the 
head and body. Thc conjunctiva covers a great projiortion of the 
eyeball, ff, before it Is"' rellccted, as at c, e, forward to line the 
.-intoenlar tegunumt, e. The cavity,/, is huge, and receives the 
laci-ymal secretion. In thc Pythons and (yululiers, a pore at the 
lower aud forejiart of thc cavity? very minute in many species, 
bill admilling a bristle in Pifthm^ leads to a slender incmhraiious 
Oiict, Avliicli dilates into a pouch comnuinicating Avitli the moulh 
ladiind tln^ [iremaxillary. Li the Viper and ' otlier venomous 
Serpenls, tlie hu-rynial canal opens into the nasal inealus. 'fhe 
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lacrymal gland is large, cspeeially in the Constrictors, and con- 
tributes its secretion to that of other sources of lubrication of‘ the 
mouth during the long and difficult act of deglutition. 

It is interesting to note the correspondence of condition between 
the eye and ear, in regard to the fore court of each organ, whicli Ser- 
|)Ciits exclusively exemplify, among alr-breallimg Vertehrates. 'fho 
tvmpanicchambcr ])arallels tlic conjunctive chamber; both are closed 
exterually, — the one by the car-drnm, the other l)y the antoenlar 
nioinbrane : the laerymal canal is the homotype of tlie eustaehian. 

In Inzards, fig. 221, the eyeball is less globular, more flattened 
ant(vriorly tban in Serpents, and the siderotic is strengthened near 
the cornea by a circle of small sub-imbricato osseous 
plates, fL Tlie lens, ib. ?, is more convex beliind tliaif 
in front; a ‘ falciform jwocess,’ ib. />, is connected 
with its (‘apsnlc; and in the Iguanas and Alonitors 
it has a delicate layer of ])igmeut-eclls. The p 
ciliary folds are more marked than in Serpemis. 

In the (leekos the }»upil is vertically oval: the 
retina shows a spot in (ho axis of vision. Iji tlic 
Cliamelcon the cornea is small: an. ant(.KMihu* fold of skin is eon- 
tiinicd in Iront of the globe, but it is opake and perforatial in the 
middle: it moves with tjie eyeball; the conjunctiva attaching it 
to the fore-part of the ball, and the integument at its junction 
with the skin of the head, being very thin, yielding, and wrinkled. 
1'lio sclerotic is so thin that the dark colour of the choroid a[>poars 
through it: it becomes thicker anteriorly, cspeeially at the inser- 
tion of the cornea.. The retina sliows llic ‘ macula centralist or 
‘ foramen Smnnnerringi,’ (ui the nasal side and a little above the 
tiTminatiou of the optic nerve, fig. 221, The pn])il is round ; 
the lens is very small and almost s|>]ieri(*al. d'lie nuiseles have the 



usual disposition and number: but eneli eye enjoys an inde])cndent 
uiot ion. The great extinct marine 1 vizards ( Trhthf/osannts) had A ery 
large eyes, fig. 105, Avith the sclerotic plates developed even in 
greater ])roportioii than in mo- 
di‘rn Lizards. 

In the fresh-water Tkatolsc 
{Kmysy fig. 222, />), the chief 
I 'Urt of the eyehall is oldately 
spheroid, Avitli the segment of a 


•>*>•> 
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f^uialhu* splierc at the i’ore-part; <». i. i»»ai 7irir.i. n.ui i, .'yv ia!! 
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a circle (U sclerotl(^ ] dales, r, 

being imbedded at the junction, and sustaining tlie cornea. 


* eexv, i‘i>. 1, 104; xx. loin. iii. ]». IwO. 
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Ill tlio Turtle (lie siderotic is car til}iL>;i nous, tliickest bcliijul, 
and tliicker at the temporal than at tlie nasal side of tlie gloix'. 




The cornea is liatter than in - the Einys or Land-Tortoise. 
The optic nerve jxmetrates tlie si'hn'otic, as in oilier reptiles, exter- 
nally to the axis ol* vis!(»n, Hg. 222, />, an<I makes a conical projection 
in the interior ol* (ho eyehall, iVorn \vlii<*h 
the thick retina expands and extends to the 
ciliary circle, lig. 223 : there Is no taicirorin 
ligament. The (‘horoitl is thick, and 
eoloured hy a (lee[»-l)ro\vn pigment. The 
eiliary plica> are neatly deiinetl, hut do not 
]n‘oject freely iroin the siirlace. The jiupll 
is round ; the crystalline is more (‘onvex in 
the Turtle than in the fresli-waier or laml- 
I'ortoises. Tlie vshort ciliary arteries form a 
plexus round the o|)tic nerve in ilwlonv. 



The cornea is more convex in the I'ortoise, 
fig. 222, than in the Turtle. The laerymal glands are two, jig. 222, 
o. ; the smalhn* (hnrderiaii) one is internal and inferior in j>osition; 
the larger is e\r<n-nal, apjdied to the eyel»all, tig. 224, and sending 
its duets to a dee]) fiissa in the outer angle ol‘ tlie eyidicls. Thes<\ 
fig. 22.>, arc (hick, opako, covered hy ])olygonal e])id(.*rn)ic s(‘:dcs : 
llic lower lid is largest, most inoveal)le, and has fewest scales 



l.-ti; <.!' I'.iin-OKI : w'ii« wi;;-.: Sl'i’ i xii iiril i-f i'nnti 
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upon it ill (hrlone: there is also a nlclitaiit imanhrane situated 
vertically at the inner eantluis, and liaving a liorizontal motion. 
The duct of the harderiaii gland opens on Its internal surlace 
near tlie line of reliection of llie eonjun(!tive membrane upon ii ; 
and the secretion subs(.‘rves the inovenients of the third lid. l>c- 
sidiis the lour recti and two obliiiui muscles of the eyeball, there 
is a choanoid or retractor muscle divided into four faseiciili. 

In the (h’ocoiiilti, the sclerotic plates are not developed: tlie 
inombrane, fig. 22(1, .r, //, is of a firm fibro-cartilaginons tissue, 
allowing the dark hue of the choroid to appear ihrougli it : the 
cornea, is large and convex. The choroid is,thniiier and with 



OIIOANS OF SrOlIT TiFPTrLFS. 

n l)la<*kcr pignicnt tlian in other Hoptiles, ami the ciliai'v are 

]oni!;er and more (.Ustlrict. cxtendiin^ ])eyond tlie orii^'in oi* the iris. 
This is anteriorly of a pale yellow colour ; the |ni]>il is vertical. 

^'he eye ol the (h’ocA)dile is chiefly ]>eeiiliiir lor the massive and 
(‘oinplex character of its iippcnda<res, fi-i;. 22(1, to v/hieh the eyo 
]);dl itself, .r, ?f, /, hears but a small 
proportion. No other or higher 
animal olfers such a structure: it 
was one of the discoveries of 
llimtor, who left a drawing of it, 
which was engraved, aiidi with his 
pr(‘])aration, no. 1770, described in 
xx. vol. iii, Iji the copy of this 
drawing, Hg. 220, the iipjier, c, and 
lower, /a eyelids are severed at th(‘ 
outer cauthus, and drawn apart to 
show the third or niiditant eyelid, h, 
and the extent of the eonjuuetiva. ( If 
lids membrane e is the free surface of 
the part which lines the ordinary 
i'Velids, wlicnee it is reilccted over 
the iiictitanl lid at //, /i,/{ ; and then 
upon tlie eoriiea at the line marked /, ii])on the ]>art of tlie 
cireumlorenee next tlie outer eaiithus. d'he free margins oi* 
die up|>er and lower lids are marked c ; tli(‘v are devoid of cilia, as 
in all 1 lanudfifvrj/d: h ivS the free margin of the third lid, d'he 
glands sending llieii* seeretion to tlni conjunctival space are tin', 
projior lacrymal and the harderian ; the duct of the latter termi- 
nales on tlu^ inner surlace of the base ol* the nictilant lid, at 
l*’rom tlie conjunctival chamber the secretion of both glands is 
conveyial by the two pnneta laerymalia, /’. to the duet termin- 
‘*'.{ing in the nasal cavity. The muscles are divisilile into those of 
die eyelids and those of tlie eyeball. The iiietitator, fig. 220, r, 
arises from the inner and ujijier jiart of the hall, iiroeeeds outward 
and downward, winding round tin*, optic nerve and ehoauoid muscle 
(which protects tlic nerve from the l)rt;^^sure of tlie iiietitator iu 
Jtetion)^ and is inserted into the inferior angle of the third lid. 
^^hilst the muscle draws this outward over the eyeball, it at the 
f'anie time rotates the ball inward beneath the third lid, 1 icing 
attached to movable points at both extremities. Tlie u]>]>er eyelid 
bas a levator muscle, m, chiefly inserted into the palpebral ossicle, 
but also sending a few fibres, to be attaclied to tlie pal[)el)ral 
^“cnjiinctiva ueaV its angle of reflcctum. Tlic under lid has a 
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depressor muselo, o. Of the nuiseles of llie eyeball, p marks the 
reetus su])eruu'; </ the rectus inferior; /• tlie rectus extenvus ; s 
the obliquus inferior : tlic rectus interims and obliquua superior 
are likewise juTsent. "fhe letter x marks the insertion of the 
choanoid muscle or retractor of the eyeball, which consists of four 
{>ortlons surroundiiiii; the optic nerve, v. Counting these with the 
other muscles of the eyeball and lids, there are not fewer than 
thirteen; and the eye of the Crocodile has its siiccial skeleton as 
well as muscles, ret)r(?sented by the super-palt>el)ral ossicle. 

In both lleptiles and Fishes the range of gradations of dioptric 
structures is very great ; and the number of sjiecics in which the 
eye is a mere passi\ e recipient of the stimnlns of light, and unfit 
for sight, or the discernment of outward objects, is greater in the 
ail -breathing than in the water-breathing Jlwwfftocn/a, 

§ G(). Ori/ua ([f lli-oring in Flslies,- The cartilaginous capsules 

of the acoustic organs are precociously developed in all Fishes: in 
the Myxinoids and Aminocetes they retain their ])rimitive exterior 
position at the sides of the base of the proper cranium, fig. o8, lo; 
they arc less consjnciious in the Lamprey, fig. fit), lo ; th(;y 
liecoine involved in tlie tliick cartilaginous walls (.>f the cranium in 
the Plagiostomes ; and, in Osseous Fishes, are wallc<l up exter- 
nally either hy the surrounding cranial bones, or by a sjiecial 
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ossiflcafion of the exterior jiart of the cajisulc Itself, forming iin 
S)s petrosum,’ as e. g. in tlie ('arp, fig. 8;5, ig, and Perch, figs. 
85, 84, 10 . In the dry sknll the ear-charnher apjicars as a large 
lateral i.Miinpartment of the cranial cavity, fig. 227, o ; and is 
formed as described in p. 115. 

In the Myxinoids the membranous labyrinth is a simple annular 
tube, lined hy vihratile cilia, filled with fluid, and supporting 
the rainifications of the acoustic nerve. In the Ainrnoe(4e and 
Lauqirey the laliyrintli is specially attached to its cartihiginou.^ 
capsule, and consists of a ' vestihulo’ and two " sen*iicircular canals,' 
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oacli of wlncli dilatos, at its Into an Sanipulla/ wliicli lias 

:<;oine processes from its inner surface. The two canals again 
communicate with the vestibule, Avliere they cross eacli other: liie 
two divisions of the acoustic nerve first surround the ampulhe 
before tiny spread over tlie rest of the lal)} rinth. The acoustic*, 
communicates with the cranial cavity hy two openings : the inferior 
and larger is oval and closed hy nioiijfirane : the superior gives 
passage to the acoustic nerve. 

In all other Fishes the membranous labyrinth, fig. 229, r/, 
consists of a vestibule, il). a, and three scmicircuhir canals, o ; tlie 
vestibule dilating into one or more ‘ saeciili,’ sejiarated by a con- 
striction, or by a narrow canal, from the ^ alveus communis/ and 
coiitaliiing, liesides the fluid called ^ endo]ym])b,’ two or more 
masses of carbonate of lime, called ^ otolites,’ ^ Those are compact 
and crystalline in Osseous Fij^lies. The lai'gesl, fig. 81, n/', is an 
oval or round llattened body, striated and indented at the margins; 
convex, and sometimes grooved on one side;, more or 

h'ss excavated on the otlujr. The smaller otolite is less regular in 
its shape: there are often two of these. JCach seinicireidar canal 
rises by an ampullilorm end, fig. 229, c, /*, </, from the ‘alveus 
communis,’ and communicates, by the opposite end, either with 
another canal, or with the vestibule sc|)arately, Avithout previous 
dilatation: two of the canals are subvertical in. tlun’r course, and 
arc anterior, and posterior, y, in r(‘lative position: tli(^ third 
canal, /', is r*xternal and liorizontal. A S(*ptnm is eontiniuai acros.s 
the ampulla from the line Avherc the division of the acoustic nerve 
enters: a large i>n)p()rtion of the nerve cxjKvmls ujKm the sac of 
tlie otolites. In some fishes this communicates with the vostihiile 
hy a narrow canal. All the parts of the labyrinth are of larger 
si/e ; yet the compartments of the otoerane which the semicircular 
ejinals, fig. 229, c, /; //, traverse, ‘are much too wide for them, 
ami iliey are sn|)ported in these passages hy a very fine ctdlular 
niemhranc.’^ In the I^ike (Esox Itirins) a jiyrifimu membranous 
sac, lodged in the eommcucement of the spinal canal, otums into 
the vestihulc near the entrance of the ])ostcru)r semicircnlar canal. 

The l^lectognaths, Lophobranehs, lloh)ce])hali, and Sturgeons 
I’cscinhle the bony fishes in the form and position of the hil>yrinth; 
hut the otolites arc represented by cretaceous i)arlicles ; and in 
the Cliiimera the communication between the cranium and otoerane 
begins to contract. The otolites are a hard chalky substance in 

^ Figures of theso bodies will be found in xx. vol. iii. pi. a5; in lxviu., lxxt., uiid 
la i.xxii., with microscopic figures of the crystals. 

Hunter, VII. iii.*p. 101. 
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the Lepitlo-sircMi, in wliicl), :is well as In the Plagiostonies, thc3 
whole hil)yi'inth is huried in the thick hasi-hitcrMl walls of the 
(Taniuni. In riai^^lostoines the capsule conforms more closely in 
size and configuration to the ineinbranous 
labyrinth ; its [)assages and comi)artinents 
are lined by a delicate ])cri(*hoiidrium, from 
V ’ which lilainents are detached to support 

the seinielrcular canal. The vestibule is 
divided in the Skate and Tope into three 
//^ coinpartnieiits, — the ‘ alveus coinnuniis,’ 

f 22H, a . ; tlu^ sac, ib. i, and the cysticulc, 

^ small ciecal append- 

age, called the ‘ utricule,’ ib. ‘ the otolitic 
contents are like soft elialk, and arc dis- 
posed in two masses; one very large, 

Oi'ir;ui i!f lu’iiriHi?, r.win. ' . , , , .•‘ 1.1 .1 

])ying the sac and the cystieiile, tlic otliei- 
small, and •lodged in the ulriculc. A. canal extends in Sharks 
iroin tlie vestibular capsule to a foramen at the upper ]>ai’t of 
the <><*eipiit, which is closed by the skin. In the Itays, besides 
this ‘ fenestra capsular/ ib. r, a membranous canal, ib. n, yy, is pro- 
duced from the vestilnile itself, and, as Mimter well describes, 
‘ ri*om llie union of the two per|)e.ndicvdar canals, tig. 22S, />; 
which is the case wdlh all the Kay kind, the external orifice 
being small, and jdaeed on (he upper flat suiTa(*e of the lioad.’ 
>So miinito and ajyproximated arc these Smter ears,'* that Scarpa 
juay 1)C j)ardoned for overlooking lliein, though scarcely for 
tlui warmth with which he repudiates their existence.^ I'lm 
’ meatus vestihuli^ is [)rovided at its beat extremity, iig. 228, ry, 
witii a special muscle, ib. v\ 

\ Iriic tympanic cavity and membrane, together with a cochlea, 
are absent in all Fishes. Kiit in many osseous species a inym- 
nuinicatioii is establish(‘d, either by tubular jvrolongatioiis, or by 
chains of ossicles, hoiween the acoustic labyrinth and the air- 
l)ladd<*r. AVeber^ <liseovered the hitter interesting structure in 
tlie Carp, Loach, and Sheat-fish, A eaual is sent from tlie sac of 
cacli vestibule, lig. 229, />, to a eommon < sinus im])ar,’ ib. //, in 
llie substance of the ba.si-occipital : tliis communicates on each 


> xni. p. 296. IlLinter’s original memoir ‘On the Organ of Hearing in Eislics ’ was 
in the voUinie of the lahlosophieal Transactions for 1782, not, as .Brcsclict 
states, ill the year 1786. (r.viii. p. 58.) 

Iliinteuim antem atrtne Monroum vehcincntcr super line rc sibi luillncinatos 

riii.s.M?/ (i.x. jip. i, i>.) 
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by (i small orifi<;o witli two subsplicrical ^ atria/ on 
of the atlas, dose to tlio 

22a 


!( u*iij nen iiia o'niim , w b i c 
‘ atria ' arc supported ox- 
tcrnall}'^ by tlte ossicles / 
and and, by moans of 
the large ossicle o, are 
hrouglit into communicai- 
tlnn with the fore part of 
the air-bladder, p. Both 
the atria and coinnnm 
sinus are filled by the 
ondolyinph,’^and from the 
fore })art (d‘ the sinus a 
^ canal is Jurcatus,’ 11). /, 
is produced, the blind 
ends of which |)cnetrate 
the alisphenoids. In the 
gTovelling Loach {Cohtfis 
hdrhatnld)^ the air-bladder 
would seem to exist 
ehielly in subservlenc'y 
to the organ of hearing, 
it is so small as to be 
wholly hicluded within 
tlio singularly modi lied 
parapO[)hysos of the se- 
cond ami third cervical 
vertel)ne, whi<di are ex- 
panded and coaleseed so 
iis to fl)rm a large ‘ bulla 
ossea ’beneath tlicir eoii- 
trinns.^ The three ossicles 
^>0 each side, which bring 
die ai]-l)[addcr into com- 
ininiication with the ^ at ria’ 
the lahyrinth, are also 
concealed by the fore part 
the parapopbysial bid- 
: it is plain, therefore, 
that they are not dis- 



the body 



*‘iciul)crments of those 


Orx:m i>£ Ift'ju-injr in situ, witl) mu- ».hi.l<lor iwA ossidti*, Curp. 
lAXlll. 
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lateral or transverse apophyses of llie vortehrie; and, with rej^ard 
to their relation to the ‘ ossicMila auditus’ of tlie tympanic cavitv 
ill Mammalia, Weber mistook a relation of analogy for one oi' 
homology, when he called them ‘ malleus,’ ‘ incus,’ and ‘ stapes,’ 
They i)elong, like the capsules of tlie special organs of sense, to 
the Ssplanchuoskeleton.’ And since the vestibule is prolonged 
by the ^ atria’ into ihe neural canal of the alias, this vertebra, 
must be added, in the Cyprinc/id and Siluroid Fishes, to the 
parts of the cranird vertebne eminierated at p. 115, as entering 
into the formation of the ehamher of the acoustic organ, l]i iho 
Herring a tubnlar jmdongation of the fore part «>l' the air-bladdia* 
advances to the l)asiocci])itab and bifurcates; each branch ])eiu‘. 
trates the side of the base of the skull, again bifurcates, and 
terminates in two blind sacs, wJiioIi are in contjuM, wilh simlLir 
cjccal processes of the labyrintli. In the I](»locentrimi and 
Sargiis, ca^cal processes of the swim-bhnkhn* also diverge, to 
attach themselves to the membrane (dosing the part of the oto- 
crane containing the sac of the giTat otolite. 

In Osseous Fishes the sonorous vibrations of tlicir licjiiid elemcnl 
is conmmnieatod by the medium oi’ the solid parts id' their body, 
and in some species, also, through tlic ^ ibrations of the air in (he 
air-bladder, to the Ihpiid contents of th{> labyrinth. In the IMagl'!- 
stomous Fishes the resonaiic^o in the walls of their cartilagiiimi s 
cranium is l(}ss than in the bony skull of ordinary lishes; but (he 
labyrintb is wholly Inclosed in the cartilage ; and a I'nrthor com- 
])ensMtion Is made liy the [>rolongation of Its chaml)cr to the sind'acc', 
ol the body in some, and liy a similar |)roloT]gation of the mem- 
branous labyrinth iiself in otliers. The position of the extciard 
orifices on the top id' the head in the Skate trlb(‘, may relaU* to 
the connuonly jirone p'osltion of these Hat fishes at the bottom ei* 
the sea. lbTd(\ssor Milller concludes, irom liis experiments, ‘ tliai 
the air-hladder in tishes, in addition to other uses, serves lia: 
purpose of incn'asing by resonance the intensity (d’ the sononms 
undulations communicated from water to the body of the li^h. ' 
The vibrations thus communieat(*d to the ])ei‘i- and cndo-lyinph ol' 
the hihyrinth are doubtless made to beat more strongly upon tlm 
delicate (extremities of the acxmstic nerve, in Osseous Fislics, by 
their etfect upon the siis])ended otolites: and it will be observtul, 
tliat the cliiel portions oi the nerve expand upon those chambers 
of tlie vestibide, which contain the otolites. The large size of the 
organ of hearing, and especially that of the hard otolites, also rclatie 
to the medium through which the sonorous vibrations arc propagateci 

' Lxxiir. |>. ]24 j. ‘ 
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to tl‘e fish, fiiul to the inotlc in which they are transnhttcil to the 
oi’jj;an ; in like inanucr as the eyeballs arc expanded, in order to 
take in the iitniost possible amount of light. The contracted 
cnceplialon harmonises with and suffices for tlic sensations and 
volitions, and tiie simple scries of ideas daily repeated in the 
monotonous existence of the scaled inhabitants of tlie w^aters. 

§ 67. Ori/an of IJmrlntj in otocrane is large in 

])roportion to the cranium, in the Perennibranchs, but is distinct 
ironi it: it is chiefly excavated in the alis[)henoId and exoccipital. 

I t includes a vestilnilc, three semicircular canals (Protem^ Ajefotc.s'), 
and the otolithic sac containing a cretaceous matter, which has 
more shape and consistency in the Axolotl than in the Newts and 
Salamanders. The external orifice of the iicoiistic capsule can 
now be recognised as a ‘ vestibular’ one, or M(L*ii(\stra ovalis/ and 
it is closed by a cartilaginous plate representing tbe base of the 
sla])es, connected with a slender ossicle in the Axolotl : hut as yet 
tlua’c is no trace of tym))anic cavity, d’ho analogy of the car to 
the eye, hy the absence of the tympanic and conjnnctivo-lacrymal 
forecourts in the respective organs of Fishes, is still kept up in the 
lish-llke llei>tilia. 

'Fhe tympanic adjnnct to the organ of Iicarlng makes its first 
aj)|»earance, simultaneonsly witli the developeinent of eyelids and 
lacrymal orgaiivS, In the JJatrachia which have quitted their aciuatic 
for an aerial existence. Beyond tlic vestibular foramen is 
continued a short but wide passage outward, or ‘ meatus,’ closed 
from tlie external air l)y a tbiii transparent vlbratile membrane — 
the ‘tymj)anum’ or car-dnim. From the gristly plate closing 
tlie v(‘stil)iilar foramen a slender bony style is continued a(*ross 
the ‘tympanic cavity’ to a drum, to which it is attached by a 
(•Jipiinlar or sjiatulatc cartilage, in which a small muscle is inserted. 
A wide vertical iiassage from the tympanic cavity to the fauces 
preserves tiui equilibrium between the air in that cavity and the 
alino, sphere outside : it is called ‘ eustachian tube.’ '^fliis tube 
will be fouiul to bear relation to the size and exposed condition of 
tlie ear-dnim, and |)erha])S, also, to its form, wliii.h, in the Frog 
Miul other air-hrcatliiiig Onipara^ is convex externally. In the 
RifKi the bony meatus is long and tubular in shape, the eustachian 
tiilies terminate by a single median and minute orifice on the 
])alate: the cai-drum is concealed hy a partial covering of skin. 
It is less consiiicuoiis externally in all Toads than in Frogs: a small 
lanscle acts on the (airtilage connected with the ear-drum, and a 
«e(‘oud longer muscle is attached to the discoid lueco closing the 
vestibular orificA The labyriiitli consists of alveus communis, 
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three semicircular (•anals, jukI t)n)li(.liic .sacculus ct»iitainino- a semi- 
iluid cretaceous suhstaiice : it is proportionally sniallost in Plpa, 

All serpents have the internal organ of lu^aring, similar in the 
main to the above : tlic base of the stapes closing the foramen 
vestibuli, is connected, in most serj)ents, by a long slender l.)ony 
style, fig. 97, lo, through the medium of a cartilage and liga- 
mentous fibres to the skin, Avhich shows no sign of ear-drum or 
external meatus. No air is admitted by an eustachian canal to 
the cellular siihstance traversed by the tympanic ossicle ; and of 
this tliere is no trace in Tifthhypa ami lihinophis. 

In Lacertians, the modltication of ]>art of the integument fo]‘ 
the s[)ecial reception of sononnis vibrations is resumed. In th(‘ 
Iguana, the ear-drum is partially protected by its oblique posilma 
and by a j*ising or fold of the skin at the back part of its circum- 
ference. It consists of the ])roper fibrous tissue of the tympanic 
membrane, covered externally l)y a thin layer of e|>itheHum, and 
internally l>y the lining membrane of the tym]>anic cavity. The 
(‘(amnunication bet\v(‘en the membrana vestil>uli a)»d membrana 
tympaiii is by the stapedial disc, the colmmdliibrm ossich? and the 
t(‘rmlnal or ^mallear cartilage. The eustachian cantd is n'la- 
tivoly narrower, and its course more o))li<|ue than in the Frog: tlic 
otolite is a lenticular calcareous body, firnn’r than In tin; Frog. 

In tlie Chelonia the ear-drum is again masked l>y unmodified 
integument; in the Turtle {Chyhnir, nu/das) it is (hovered by the. 
second scale counting upward from the artimdation of the iow(‘r 
jaw. Hie membrana tynijiani is, however, distinctly formed, 
thicker and more o])ako than in Ijatniclild or Lacerlia^ and (‘»)n- 
vex outwardly. The long columelliform ossicle fig. 92, of, is 
connected with It by a discoid cartilage, and, at tlie opjiosite (‘inl, 
]Hmetrates and closes the vestibular orifice by a snl>-(*artilagim>iis 
]>late. Hie tympanic cavity is divided into two parts by a boriV 
sep.tum, intercommuiilcatlug at the columellar canal : the inner 
or antevestibular part also (M>minunicates with cells on the mastoitl. 
The eustachian canal is narrow, and descends Iiehind tlie arli- 
cnlation of the mandible; its ]>alatal o]»ening is more remote troiu 
tnat ot the opposite car than in other UfpfUla, ^.flie jnxqier cap- 
sule of the labyrinth is cartilaginous: licside.s the three semi- 
circiihir canals and the otolithic, capsule, tliere now buds from tlie 
vestibule a beginning of a cochlea, with a eorrespondiug small 
opening into the tynijianic cavity. 

These approximations to the higher structure of the internal 
ear are more conspiimous in Crocodilia. The cochlear [wocess is 
conical, with the Apex, fig. 2 ;h), //, slightly herit; its cavity is 
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(lividcMl into two coinpartmcnts by a doiilde cartilaginons 8C|)tun), 
it), i, cxoei)t at the aj)(‘.X 5 where they coiunmniciite ; whilst, at the 
hase, one coinjuirtiiient, ^ scala vestil)uli,’ eonnnunieates with the 
vestibule, the otlior, ^ scahi tympani,’ 

])y a small orifice ((braineii coelileo^, 
sell rotiindum), with the tym])anic 
cavity, in the dry skidl, l)iit closed 
|)y meinlinuie in the livinj^ animal. 

Tlio (roehlear division of the acoustic 
‘pve is shown at r, 2:50. The 
}‘(‘ini(?.ii‘cnhu* canals are small com- 
I Hired witli tliosc* of fishes : c is the 
iiiilerlor perpendi(Milar, d the pos- 
tei’ior perpendicular, and c tlie <‘x- 
ternal or horizontal, canal which 
curves over the ‘foramen ovale,’ /I 
The inonibrana tympani, //, is lodged 
at the bottom of a dec]) fissure, 
and is protected by an opercular flap of tbe integument, 
//, iittiiig to a smaller fold below, /, ami accurately closing tlie 
[lassage. This is the sole ap|m>ach to an external ear known 
in existing Koptilia. The eniMlnim is inclined dowinvard and 
outward, adapted to the I’eeeption of sound from above, and also 
to the position of the overhanging flap. The gristly reproson- 
fation of tlie malleus, is well-markeil, and the ear-drum is 
tliickened at its [)lace of attachment: the colmucllar part of the 
stapes, /, extends oblujiicly downward to the foramen ovale, seu 
vestihuli, /’. The tympanic cavity, ?//, is singularly extended 
hv air-cells, not only dcvehiped In the mastoid, hut in the 
basi-, par-, and super-occipitals, fig. 94, a, in the allsplienold and 
jiarietal, ib. 7, bones. The communications between the tympanic 
cavity and lauces arc more complex than in other animals,^ 
although the eustachiaii faucial ojuming, w, is single, median, and 
eoniinon to li.Mli ears. It is sitmilod a short wav bcliiml the |)os- 
Icrior nostril ; and from it is continued a median, n, and two lateral, 
V. canals, 'rhe median canal rises and enters a bony canal bot>veen 
the basioecl|>ital and l)asls[>beuoid, wbleb bifurcates, one brancli, </, 
Inclining forward into the basisphenoid, tlie other, r, continued ver- 
ti<*ally into the basioccipital, botli in the medial [ilane. Kacli of 
tIu'Se brandies again bifurcates, transversely, one to the right, 

I be otlier to the left, opening upon the Hour of the tympanic cavity. 
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The lateral membranous canals, from the eustaehian outlet, 
(liver«>je to the orifices of corrcsj)on(]ini»: latci’al bony ciinals, whirli 
ascend between tlie basio(*ci]>ital and baslsphenoid, and coinniuni- 
cate each with the transverse subdivision, of the posteiior or 
occii>ital brainJiof the median eustaehian canal: a small rhomboidal 
sinus is formed at the point of union, from which a short canal, 
/, is continued to the tympanic cavity. The common inferior 
ioitleti, situated on a prominence, is partly closed by a valve, 
rediicino* its area to a cresceritic forin.^ 

§ ()8. Electric Onjans of Fishes. — Besides the iiKKlifi cations and 
a])pciidag*es of tlie ])eriphcral extremities of the nerves consti- 
tuting organs of s])ecial sense, and those of which the function is 
still conjectural, there are nerves in fishes subject to more extra- 
ordinary coml)inations, and forming instruments, unknown in the 
higher vertebrate classes, having the jnoperty of aceumulating 
and concentrating the subtle mode of force a])|)li<*ahle to the com- 
mnnleatioii of electric shocks. The faculty is limited to lew 
genera, the most reinarkal>lc being Torpedo and (.iijoniotos^ the 
species of which [jossoss the electric organs in llui liighcst state of 
developement. In a minor degree llte organs and jxnvcr exist in 
J^Jiilopteronfs elertricf/s^ Mat. JJroi/aatsis, J\Iornff/rns foot/iphntis, 
Mor, oj'j/rhynidn(s^ Mor. dorsalis, Trivhiarus elect ricas, (Jijmnarehus 
niloticns, and Tetraodoo eleclrieus. 

In the Torpedo (Jalvanii tlui oi’gans are two in nnml)er, are 
large, flattened, renlforin bodies, lodged on (xudi side of the head 
and gills, and en(*oin]>ass(‘,d l)y these and by the anterior Ixnders 
of the pe(*toral fins ( fig, 1‘19, i:): tlicy consist of a mass of \cr- 
tical, for the most ])art hexagonal, prisms, the ends oi* wliich arc 
e«)vered by the dorsal and ventral ijitegnments. Jhmeath tliese 
the orgjiiis are immediately ee,ated by a thin glistening aponeu- 
rosis, whieh sends down ])artitiojis forming the chambers of the 
])risinatic columns. Kaeli column, when insulated in tlie reeent 
iish, seems like a mass of clear trembling jelly ; but consists of a 
scj’ies of delicate mcmlu'anoiis plates inclosed Ijy, or adherent l)y 
their margins to, a ])roper capsule, and separated from each other 
by a small quantity of a lim|)id albuminons Hnid. Ihich flattciUMl 
cell thus fonruid is lined by an ejiitlielinm of uucloated cells; 
tlie fibrous tissue of the plates and common cajisule jiresonts the 
inicniscopic characters of clastic tissue; between it and the ejn- 
theiunn is a clear unorganised layer, the seat of the ultiinalc 
j’a.mni(*ations oi the v(‘ssels and nerves, ^fhe jirojior capsule 
adheres to the aiioneni’ofic partition-walls whicli siqqiort tlic 
> ci,.\x;i. p 521, lU. xl xli. xlii. 
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columtis and the larger branches of the nerves and vessels of tlie 
organ. Some ol‘ the vertical columns do not extend lln-ongh tlie 
(111 ire tliiekness of the organ; but are interriijitod where the 
(lce]>*j^eated nerves traverse tlie sulistanee of tlio battery, fig. 281 , 
A. 1 ). Tlie transverse plates of the vertical columns are shown 

TM 



'Hie clrorir.-i! h.-rizoutally. !it ll.e I'laOc wUiiv ll.e li.Tvis onU'r, Tun., Jo. i.wsi. 


!it Hunter, who counted 470 colmnns in each organ, ^describes 

the ])ai*titi(vns as beingM erv vascular : ‘ I he arteries, he says, 

‘are branebes from tiu‘ vessels ol the gills, which c(>incy the 
hlood tliat has rernlvcd the influence of respiration. ^ lint tlie 

• * I XX\I, 




352 ANATOMY OF VKllTEBUATES. 

most characteristic feature of the organisation of the electric 
battery is its enorinous supply of nervous matter. Each organ 
derives this su[)ply from one branch of the trigeminal, tig. 2ul, a, 
and from four branelies of the vagal nerves, ib., 0, i) ; the lour 
anterior nerves arc eacli as tliick as the spinal cord ; the last 
nerve is a feeble branch of the vagus. The trigeminal and 
vagal eTilargements of tlie olivary and restiform tracts coalesce on 
each side, fonning the so-eallcd ^electric lobes’ of the medulla 
oblongata. l!'lie electric branch of the fifth nerve may be defiiu'd 
even at its origin, from the true ganglionic part of that nerve; 
and both tliis and the Aagal hranclics consist entirely of the ])i'i- 
mitivc nerve-fibres of animal life, as in fig. Ifd. The nerve- 
triinks are (listribiited by successive resolution into smaller and 
smaller fasciculi, until they finally penetrate the septa of the 
columns, and terminate tliercon l)y mosh(‘s formed l)y loops, or l)y 
the return ajul anastomosis of the |)rimitivc nerve-fibres. ‘ 

In the eel-like Gymnotus the electric organs arc four iu 
numl)er, and arc situated two on each side the body, extending 
from behind the pectoral fins to uvwv the end of the tail, fig. 2^12, 



4, /. They occupy and almost constitute the whole lower hall’ol 
the trunk, fig, 231); the upper organ, ib.//, being nuicli larger limn 
tlio lower one, ib. /, from which it is separated by a thin mnseiihir 
and aponeurotic stratum. The organs of one side are separated 
from those of the other, above by the vertebral eolnmn and its 
muscles, ib. c, then by the air-bladder, ib. r/, and below tliis by 
an aponeurotic septum, ib. k From this septum, and trom that 
covering the air-liladdcr, there extend outward, to be attached to 
the skin, a series of horizontal, or nearly horizontal, niemhrancs, 
arranged in the longitudinal axis of the Iiody nearly parallel to 
one another; they are of great but varying length, some being 
co-extensivc with the whole organ, fig. 2.32, k : their breadth is 
almost that of the semidiameter of tlie plane of the body i»t 
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wliicli they are situated, fig. 233, //. These luenihrancs are alxnit 
lialf Hue apart at tlicir outer borders ; but, as tliey )>ass from 
the skin towards their inner attachments, they a})proach one 


233 



Verlical traiisvcrso soi’llmj, (iijmnolns, natural si/o. ccxv. 


Juiethor. They are intersected trausverscly by more ilelieate 
vertical plates, extending from the skin to the median aj)oneu- 
^esis, and coextensive in length with the breadth of the septa 
between whicrh they arc placed, Iliinter eonnted about 240 ot 
these, jilates in a single incli of hnigth of the horizontal incm- 
hrane.’ lie compares thovse stronger memhranos to the aponeu- 
roti<* walls of the prisms of the '^ror|)edv>, and the inter- 
J^eeting delicate plates to the partitions of the ])n.sms; and if 
We admit the analogy of these plates, and of these of the Tor- 
pedo, to tlio plates of the voltaic pile, we peiveive that, in the 

I.XXK. 
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Gymnotns, tlie batteries are lierizontal and the ])lates vertical, 
fig. 233, A, whilst In the Torpedo the l)atterics arc vertical and 
their plates h(»rizontal, fig. 231, E. The situation of the organs 
is also v(My different in the two fishes ; they extend from before 
the ])eetoraI fins to the anierior part .of the head in the one, 
fig. 139, i:, and from behind the pectoral fins to near the end of 
the tail in tlia other, fig. 232, A. But a more im])ortant difference 
exists in the condition of the mters])a(‘es hetween the delieate 
transverse plates. In the Torpedo they .simj)ly contain a fluid. 
In the Gynmotus two strata of ])yramidal cells diverge from a 
common basis travcrsijig each interspace, and terminate freely, 
the onelowai’ds one plate, the other towards the oi)posite plate, 
and divide the ilnid into a ‘ pre-cellnlar ’ and ‘ post-cellular’ 
porti«)n. cellidar basis is ‘positive,’ the post-cellular fluid 

and the ])artition-plate is negative, constituting the ‘ voltaic* 
coiijile;’ whilst the. ])re-cellnlar flni<l is the conducting eh'inent 
between one ‘ couple^ or plate and the next: the whole represents 
the ternary type (tf the voltaic pile. The Torpedo’s striicture is 
according to the hinary type. Another remarkable difference 
is ill the source of the in'rvons supply. In the (rymnotus the 
electric organ.s are sn|)|)lied hy the ‘rami vent rales’ of all tln.^ 
s[nnal nerves, about 200 pairs, that issue in the course el' 
their extent ; some of the filaments ramify upon the horizontal 
memhranes from their cutaneous margins ; but the greater part of 
the nerves come from the deeper-seated braucluis which descend 
upon the median aponeurotic partition- wall, and spread upon the 
se|>ta of the organ from within outwards. Yet the nervus late- 
ralis, wbicli is derived from the same ccreliral nerves as those 
which, in the Tor|)edo, sii|»ply the electric batteries, and wdiich is 
formed by similar |>ro|)ortion.s of the trigeminal and vagus, ex- 
tends lln^ whole hmgth of the electric organs in the Gy|puutiis 
wdtliont rendering them a filament; it is situatcxl nearer the 
spine, and is of larger size than usual, hut Hunter was ni)t 
able to trace any nerves going from it to join tliose of the 
medulla spinalis, whieii run to the organ. ^ 'The cjuantity of 
nervou.s matter supplied to tlic batteries of the (lymnotus is 
less than in the '^I’orpedo : but more substance enters into then* 
coin} >osil ion. 

TJic proportional siz<* of tlie electric organs is also much 
greatiir in the Gymnotns than in the Torpedo: indeed, the propci 
body of the Gymnotus is, as it were, a mere ap|)endage tacked ou 
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to the fore part of the enormous batteries ; for the digestive and 
meliorative viscera, with the rcsjiiratory and circulating organs, 
the hrain and organs of sense, — 
all, in fact, tluit constitute the 
proper aninial, — are confined to 
that sinali segment of the entire 
body wliich is anterior to the elec- 
trical ajiparatus, fig. 232, h, Tlie 
vent even opens beneath tlie liead, 
ill advance of the pectoral fins. 

The electric organs of the 
la pin' nr US vlcclricus^ form a layer 
fii>'. 2.‘>4, A, immediately benoalh 

p . , 1 • *1 Mithqihnirtu* ihi.h-k-niK (X'Xiv. 

the. skin, envelojjing the whole 

Ixuly exce|)t the licad and fins, and separated from llui muscliis, 
Ih. 0 , l)y a fascia, with vessels and nerves, i!>. r», and by a layer 
of adipose tissue, ib, e. The electric organ is divided by fine 
dciMissating nnaniiranes into minutii lozengc-sliajied cells, about a 
thin] of a line in diameter, fig. 235, IJ. It is supplied by a large 
nerve issuing from tlie beginning of the inyclon and arising from 
a mass, in its substance, of ganglion-cells, like tliosc in the electric 
lobe.s of the Torpedo. A considerable ganglion is also formed upon 
die nerve beyond its origin, from which tlic trunk is coiitlimcd 
along tlie side of the body, like a ‘ nervus lateralis,* and distributes 
branches to the diffused organ. The structure of the organ is such 
tliattlic electric cmTcnts run in all directions, and 



a discharge Avould take place from any point of 
its surface, whence, pcrhajis, the necessity I'or a 
layer of noncmKlucting substance, E, bctw(‘cn 
i!)C projicr body of the fish and the organ. The 
^<li(»ck (lelivered, wanting the concentration re- 
uniting from the structure in the Torpedo, is 
comparatively fecldc, but suffices for defence; 
the fish being jirotccted by its electrifying coat, 
as is the hedged log by its s])ines. 

In the Mormyrus louffipmuis the electric organ 
consists of ibnr series of memhranous septa 
placed longitudinally on the tail, two on each 
‘Side. Kach series consists of about 150 sc]»ta 
with intervals of ^'^th of a line, filled by albii- 
annons fiuid. The sejita arc stronger than 
Ihosc in the hexagonal columns of the Torpedo.'-' 
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An aniiiijil mnst be in eoinmnniciition with the Torpedo hy 
two distinct points, in order to rec^eive the shock.* If an insulated 
fro^\s leg, tig. 207, c, touches the Torpedo by the cud of the nerve 
only, no nnis(?ular contractions ensue on the discharge of the bat- 
tery; but a second contact by a portion of muscle, or any other 
part of the leg, iinnu'diately produces theni.^ 

The dorsal surface of the electric organ is positive, the ven- 
tral ►surface negative. The '^I'orpedo has no power of otherwise 
directing the electjie currents; but Matteiiecl found that wound- 
ing the (decitric lobes of the brain sometimes reversed the dlrcf^- 
tion.'* These eurrents, besides their effects on tlic living hody, 
exercise all the othiu* known ])o\vcrs of electricity ; they render 
the needle magmitic,^ decompose chemical e()m[)Oiiiids, and omit 
the sj)ark.’’ The discharge ol* strong currents is usually a(*com- 
j):n)ic<l hy visible contraction of ])arts of the body, usually l>y a 
ridractiou of the eves of* the Torpedo, and one muscle, fig. l.‘Vj, 
c, is arrauged so as to constrict part of the circumfcrcn<*c of each 
hattery; but such consentaueous muscular ac(if)n, though it may 
add to the fon'e of the discharge, is not evssential to its produc- 
tion. Idle l)cnumbing cfftjct seems to ho produced hy the rapid 
succcssioii oi* shocks delivered liy the recamt and vigorous fish. 
Alatteucci ascertained that, during the dlsirharge, the nerves of 
tlio m'gan were not traversed hy any ele(*tric current. Pacini/’ 
from a minute comparison of the organs, (hiduces that the elec- 
tricity in the Torpedo is produced hy tin* dynamical conflici 
hetween the two polarities iidierent in two sorts or ditfert'iit 
d(*grec.s ol’ innervation, as it is evolved in the thenno-cleetric pile 
hy the eonHi(*t of Iwf) jiolarities inherent in two diflorcnt (lcgr(*(‘s 
of temperature; wliilst in the (lymiiotus It is produced, as in 
the voltaic pile, ))y the chemical conflict hetween the materials 
ofllie elenicnls excited l>y the n(*rvous influence. 

Ilumbohlt has given a lively narrative of the mode of captnn* 

* WIkmi tlie fislicrinon pull tlicir iK-ts to sliori*, their first act usually 

to wash the c:ij)turc(l fi.slics hy dashing over them Inn.-ketluls of sea-water ; and it •‘i- 
Torpedo he amongst tliem it makes its presence instantly felt hy the shock traiismirU ‘l 
to the arm discharging the bucket. If the lish ho handled, tiie shock is too stnnig 
and painful to l.e willingly encountered a second time, and the arm coutimics long be- 
numbed. Each repetition of the discharge, however, enfeebles its force, iirid tb« 
.surface of the fi>i'i capable of commiinicating the shock progressively contracts, 
life departs, to the region of the organs themselves. \V!»eii the fi.shennan dashes 
the stream of water ov«t the Tor))cdo, the electric currcTit pa.sses up from ib^ 
dorsal surface of the batteries against the stream to the inan’.s hand, and the circle 
i.s et)mi)leted by the earth (extending from the man’s feet to the ventral surface of the 
prcjiie li.'iib. . ^ 

^ I.XXVJI. p. 148 . 11 ). * J.XXXII. •' j.xxvii. " ccxviii. 
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of tlie Gymnoti, emj)loyc<l hy tho Indians of South Amorioa,* an<l 
all its circiinistanccs cstahlisli the close i^eneral aiuilogy betAVcen the 
(Jyinnotns and Torpedo in the vital ])henomeMa attemlinj:^ tlic (ex- 
ercise of their extraordinary means of offenca*. It is voluntary and 
exhaustive of the nervous energy; like voluntary muscular effort, 
if; needs i*e[)ose and noui-isliment to produce a fresh accumnlatiou. 

In the experiments performed hy P^fessor Faraday on a lar<>;e 
living Gymnotus,^ tlie most f)ow(*rf*ul shocks were ret'eivcd when 
one hand grasped the head and the other hand the tail, of which 
I had painful ex[)(meimc ; especially at the wrists, the elbows, 
and across the back. Hut the neann* the hands were t(»gether 
within certain limits, the less powerful was the sli(»ck, Jt was 
d(nnonstrat(jd by the galvanometer that the direct ion of tin* eh'c- 
tric current was from the anterior parts of the animal to the pos- 
terior parts, and that the person touching tlie fish w ith both hands 
received only the discharge of the ])arts of the orgafis included 
between the points of contact. Needles w-ere converted into 
magnets: iodine was obtanuHl by polar decomp(.)sition of iodide 
ol‘ potassium; and, availing himself' of this test, Faraday showed 
that any given part of the organ is negatives to other ])arts before 
it, and positive to such as are Ixdiind it. Finally, heat was 
(Solved, and the electrics spark obtained. The deluaite plates 

‘ Tin y rouse llio Gymnoti by driving lior-scs and mules into the i>oji(.ls which those 
tidi iuhuhit, and harpoon them when they Jiavc exhausted ihcir electricity upon the 
iiriliji]i|)y quadrupeds; ‘ 1 wished,' says Humboldt;, ‘that a clever artist could have 
dcpi<'trd the most aniiiuUed period <if the attack: the groups of Indians siirroiiuding 
t'lie ])ond, the horses with their manes erect and eyeballs wild witli pain and iVight, 
striving to escape from the electric storm which they hud rouscMl, and driven back ny 
tlie shouts and long whips of the excited Indians: the livid yellow cels, like great 
watcr-siiakes, swimming near the surface and pursuing their enemy: all these objects 
|>re.sented a most pieturcsfpie and exciting ensemble. In less than live minutes two 
horses were killed. The eel, being more tlian live feet in length, glides boneatli tlio 
body of the horse, and discharges the whole length of its electric organ. It attacks, 
at the same time, the heart, tlie digesiivt^ viscer.a, and, above all, the gastric plexus of 
nerves. I thought the scene would have a tragic termination, and expcetoil to see 
niost of the (juadriipcds killed; but the Indians assnre«l me the fishing would soon be 
linislicd, ami that only the first attack of the Gymnoti was really formidable. In fact, 
alter the conflict had lasted a (piarter of an hour, the. mules and horses aiijiearcd less 
planned; they no longer erected their manes, ami their eyes expressed less pain and 
terror. One no longer saw them .struck down in the water; and the eels, instead of 
swimming to the attack, retreated from their assailants, and approached the .shore.’ 
fhe Indians now began to use their missiles; and, by means of the long cord attached 
h> the harpoon, jerked the fish out of the water, without receiving any shock so long 
as the Cord was dry; but a less cautions assailant, who Imd climbed an overhanging 
I'migh, was brought down into the water, amidst the laughter of his eoiupanioiis, hy 
fhe shock sent upwards from the wounded Gymnotus, along the wetted cord attaclied 

the harpoon, cvii. p. 55. 

" Lxxxiir. * 
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sustaining the terniinal meshes of tlie nerves and vessels are hori- 
zontal in tlie T()rj)e(lo ; the course of the electric current is 
from above ilowrnvards. The corresponding |)lates in the (iym- 
notus are vertical ; the direction of the electric current is from 
before backwards: i. e. it is vertical to the pianos of the plates in 
both cases. 

The row of compressed cells constituting the electric prism ol* 
the Torpedo offers some analogy to ihn row of microscopic. dis<\s 
of which the elementary muscular filament appears to consist, 
fig. 128, B. The looped termination of the (exciting nerve is 
common to muscular tissue and that of the electric organ. The 
electric, like the motory nerves, rise Irom the anterior my clonal 
tracts ; and, though tlic}^ have a special lobe at their origin, beyond 
that origin, in the Torpedo, they have no ganglion. An impression 
on any j>art of the body of the Tor]>edo is carried I)y the sensory 
nerves either directly, or through the posterior myelonal tra<its, to 
the brain, excites there the act of volition, which is conveyml 
along the electric nerves to the organs, and produces the shock: 
in muscular contraction, the inipressioii and volition take the same 
course to the muscular fibres. If the electric nerves arc divided 
at their origin from the l)niin, the course of the stimulus is intcj - 
rupted, and no irritant to the body has any etfect on the electric 
organs any more than it would have under the like circiimstanccs 
on tiie muscles, Ijut, if the ends of the nerves in connection 
with the organ l)(^ irritated, the discharge of electricit y takes place, 
just as irritating the end of the divided motor nerve in connection 
w'ith the muscle would Induce its contraction. If part of the 
electric nerves be hdt in (Connection witli the brain, tho stimulus 
of voliliou cannot, tbrougb these, excite the discharge of tbe 
whole organ, but only of that part of the organ to wliich the 
undivided nerves arc distributed. 8o, likewise, the irrltatimi of 
the end of a divided n(;rve in connection with the electric ap[)a- 
ratns, excites the discharge of OTily that part to wliich such nerve 
is distributed. We have seen tliat the power ol’ exciting the 
ch^ctrlc action, like that of exciting the muscular contraction, is 
exhausted by exercise and recovered by repose;; it is also aiigincntcd 
by eiicrgeti<‘ ciriudatlon ami respiration ; and w hat is more signi- 
ficative of their close analogy, both pow’^ors are exalted by the 
dir(?ct action, oji the nervous centres, of the drug ‘strychnine:’ 
its a]»plication causes sinudtaiieously a tetanic state of the muscles 
of the fish, and a rapid succession of involuntary electric dis- 
charge’s.’ 

LXXVII. ]). 162. 
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DrciKSTIVE SYSTEM OF llyEMATOCl: VA. 

§ ()9. Dental Tissues: — A tootli is a hard l)od\ attacluMl to the 
month or coimnctiecineiit oF the alinientary canal, partially exposed, 
when developed. Calcified teeth are })eeuliar to the V^ertehrates, and 
may he defined as l)odies priinaidly, if not j)erinancntly, distinct from 
the skeleton, consisting of a cellular and tubular basis of animal 
matter containing' earthy |)article.s, a fluid, and a vasmilar pulp. 

In ‘general, the earth is present in such rpiautity as to render 
tlic tooth harder than bone, in which case the animal basis is gela- 
tinous, as in other hard parks where a great [)roportion of earth is 
comi fined with animal matter. In a very few instances, among the 
vertebrate animals, the hardening matoi'ial exists in a much 
smaller projiortion, and the animal basis is albuminous; the teetli 
liere agree, in both chemical and physieal qualities, with horn. 

1Vue teeth c'onsist commonly of two or more tissues, character- 
ised hy the pro))ortlons of their earthy and animal constituents, 
and hy the sixe, form, and direction of the cavities in the animal 
basis which contain the earth, the fluid, or the vascular ])ulp. 

The tissue which forms the l)ody of the tooth is called ‘ dentine,’ 
(dentinum^ Lat. ; zahuheiu^ zahnsvhstanz, Germ.; Vwolre, Fr., 
fig.2;i6, d). 

The tissue wdiicli forms the outer crust of the tooth is called 
^cement’ (ccemenhun, crusta petrosa^ Lat., ih. e). 

The tliird tissue, when present, is situated between the dentine 
and cement, and is called ^enamel’ (eucaustum^ adamas, Lat., ib. c). 

‘ Dentine ’ consists of an organised animal basis and of earthy 
]>articlcs : tlie basis is disposed in the form of compartments or 
cells, fig. 237, />, anvl extremely minute tubes, ih. a: the earthy 
particles have a twofold arrangement, being either blended with 
the animal matter of the interspaces and parietes of the tubes, or 
Contained in a minute granular state in their cavities. The density 
of the dentine arises principally from the jiroportion of eartli In 
the first of these states of combination. The tubes contain, near the 
lormative pulp, filamentary processc^s of that part' ; ami convey a 

‘ CCXLVI. vol. iv. p. 929. 
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colourless tliiid, ])rol)jil)ly traiisiulcd ^plasma’: they thus relate 
not only to tlic inechaidoal conditions of* the tooth, but to the 
vitality and nutrition of the dentine. This tissue has few or no 
canals large enough to admit capillary vessels with the red 

])articlos of hlood, and it has been 
therefore called ‘ nnvascular dentine.’ 

* Cement’ always closely eorres- 
« ^ osseous tissue 

same animal ; and wherever 
suflicient thickness, as 
nj)on (he te(‘th tvf the liorse, sloth, or 
traversed, like 
bone, by vascular canrds, fig. 2116, r. 
When (he osseous tissue is excavated, 
dentigerous Vhu’tcbrates above 
*k>' radiated cells, form- 

■BPw^mV contends the ‘ cor- 

pnseles of Purkinje,’ fig. 15, these are 

i : [' <*<»‘tiihied ill disgregated granules in 

fhe cells, wlvicli are tin is rendered 
white and opa((ue, viewed by reflected 
'ovB!!’mrw\u'i^ light. The relative density of tlie 

dentine and e(‘nient varies according 
to the proj)or(Ion of the earthy material, and cliiefly of that i>art 
which is comhined with the animal ma(ter in the walls of the 
(“avlties, as eom])ared with the size and number of the cavities 
themselves. In tiie complex grinders oi* (he elephant, the masked 
b(jar, and the ca|)}d)ara, the cement, which forms nearly half the 
mass of the tooth, wears down sooner than the dentine. 

Ihc ^ enamel, fig. 2,‘3;>, c, is the hardest constituent of a tooth, 
and, conse(jucn([y, the hardest of animal tissues; but it consists, 
like the otlier dental snl)staiu*es, ot earthy matter arranged by 
organic forces in an animal matrix. Here, however, the earth is 
mainly' contained in tlic canals of the animal membrane ; and, in 
mammaJs and rejililcs, completely fills those canals, which are com- 
paratively wide, whilst their jiarietes arc of extreme tenuity. The 
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hardening salts of the enamel are not only ])resent In far greater 
proportion than in the other dental tissues ; hut, in some animals, 
are peculiarly distinguished hy the presence of tluate <»f lime, 

Teetli vary in nnniher, siz(;, form, structure, modifications of 
tissue, })osition, and mode of attach - 
iiient, in different animals. They 
arc principally adapted for »seizi ng, 
tearing, dividitlg, pounding, or grliul- 
iijg the TovkI ; in some they are 
modified to serve as Aveapons of 
offence and defence; in others, as 
aids in locvmiotion, means of anc'.hor- 
agt;, inslrnrnents for uprooting oi* 

(fitting down trees, or for transport 
and working of I)nilding materials ; 
they are characteristic of* age and stvijoiionu-kof duk'.ii??. /mhkh. v. 

sox ; and in man they liave secondary relations siil)scrvieiit to 
heaiity and to speech. 

Teeth arc always most Intimately related to tlie food and habits 
of* the animal, and are therefore highly interesting to the pliysiol- 
ogist. They lorni for the same reason most important guides to 
the naturalist in tlie classification of animals; and their value, as 
zoological (‘haract(.‘rs, is enhanced hy the f*a(:ility with which, from 
their position, they can he examined in living or recent animals. 
The durability of their tissues renders them not less available to 
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fhe pal fco otologist In the determination of the nature and affini- 
bes of extinct species, of whose organisation they are often the 
sole remains discoverable In the deposits of former periods of the 
i-irth’s history. 

J'he simplest piodification of dentine is that in which capillary 
bactsof the [irimitivc vascular pulp remain uuoalcificd, and j)er- 
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maiiently carry reel blood into the 
substance of tlic tissue. These 
so-called ‘ medullary ’ or ‘ vasc>u- 
lar’ c.aiials present various dis- 
j)ositions in the dentine which 
they modify , and which is called 
^ vaso-dentine.’ It is often com- 
bined with true dentine in the 
same lootli ; f\f/, in the scalpri- 
f'onn incisors of' certain Rodents,^ 
tlie tusks of the Elephant, the 
molars of the extinct Megathe- 
rium, fig. 238, r\ 

A third kind of dentine is 
where the cellular basis is ar- 
ranged in (a)neentric layers around 
the vascular canals, and contains 
‘ radiated cells ’ like those of the 
oss(H)iis tissue ; it is called ‘ ostoo- 
dentine,’ fig. 231), o, ^I'lic t ransi- 
tion from dentine to vaso-d(nitine, 
and from this to osteo-dentine, is 
gratliial, and the resemblance ol 
osteo-dentine to true bone is very 
close. 

I'hc cliemii,‘.al eomposition of 
teeth is exemplified in the snh- 
joined analysijs of those organs 
and their tissues from siieeies of 
the different vertebrate classes ; — 
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The cxai»i{>les arc extremely few, and iKumriar to the class 
.Pisces, of calcified teeth which consist of asin^de tissue, and this is 
always a modification of dentine, 
the VWassc (^.Lahrus^ consist of 
a very hard kind of iinvascular 
(lentinc, Fi^-. 240 shows a ver- 
tical section of one of t.hese teeth, 
supported upon the vascular 
osseous tissue of the pharyngeal 
lione : p is the pulp ciivity. 

The n(?\t stage of (complexity 
is where a portion of the dentine 
is modilii'd hy vascular (‘anals. 

T(?eth, thus composed of dentine 
and vaso-dentine, are very com- 
mon in fishes. Tlic hard dentine 
is always ext(‘rnal, and holds the 
place, and [>erforms t\ui oflice, of 
enamel in the teeth of liigher 
aifnnals ; hnt it is only analogous 
to enamel, not the same tissue. 

Fig. 241 exemplifies this struc- 
ture in a longitudinal section of the toolh of a Shark { Tjanna), 
Tlic molars of the Dugong {Halicorc) are composed of demline 
and cement, the lattcn* substance Ibrmiug a thick outer layer, 
fig. 242, c. 

lu the teeth of the Cachalot {Phjisclvr) the pulp-cavity of the 
growing tooth becomes filled up by osteodentine, the n^snlt of a 
modified calcification of the dtmtinal pulp ; when the tooth ])resents 
three tissues, as shown in fig. 239, in Avhieh f is the thick external 
ecMucnt, d the hard dentine, and o the osteodentine ; sometimes 
(hvveloped in loose stalaeti tic-shaped iioduh's. 

In the teeth of the Sloth, and its groat extinct congener, the 
MegathorimM, tlie hard (Itmtine is reduced to a thin layer, fig. 23S, 
t, and tlui chief hulk o(‘ the tooth is made up of a central liody of 
vaso-dentino, ib. c., and a thick external crust of emnent, ih. c, 
besides the number of constituent tissues feeth become ‘ comjjlex’ 
in structure by tlie proportion and disposition, cblefly iufiection, 
of more or fewer of tliose tissues. 

Certain fishes and the extinct ‘ l^ahyrinlhodorit ' reptih's ex- 
Inhit this complexity in a remarkahle di\grec. In fig. 243, lln^ 
ha)th of the Lahiirinthodtni sal o maud niidcs feebly indicates its 
singular structure by the longitudinal stria?. Jbit every streak is 
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a fissure, into which a thin outer layer of ccincnt, fig. 244, c, m 
reflected into tlie body of the tooth, following the sinuous waviugs 

of the lobes of dentine, d, which 
diverge from the central ])ul|)-cavity, 
The inflected fold of cement, c, runs 
straight for about half a line, and then 
becomes wavy, the waves rapidly iji- 
creasing in l>reajlth as they recede from 
the periphery of tin? tooth ; the iirst two, 
tliree, or four undulations are sim[)le ; 
then their contour itself bccom(?s 
broken by smaller or secondary waves 
these l)cc()me stronger as the fold ap> 
proaches the centre of the tooth, wlien 
it iiKTcases in tlii(‘kness, and finally 
t(n’minates hy a slight dilatation or 
loop close to the ))ulp-eavjty, from 
which the free margin ol’ the infloeted 
fold of cement is separated hy au 
extremely tliin layer ol’ dentine, Tlie 
number of the infiecled convei*giiJg 
folds of dentine is about fifty at the 
middle of the crown of the tootli 
figured, but is greater at tin? base. 
All the intlcctcd folds of cement at 
the base of the tooth have the same 
Iff iiioih Ilf ;i sii.irk (^oinplicatcd dis]>ositi(.)n w'ith inereased 

extent: but, aa tliey aiiproach their ter- 
iiiiiiation towarila the upiier part of the tooth, they alao gradually 
diminish in hreadtli, and eonsequcntly penetrate to a less distance 
into the snhstance of the tooth, lienee, in such a section as is 
ileliucated, tig. 244, it will be oh.^erved that some of the convo- 
luted folds, as those marked r, extend near to the centre of tlic 
tooth ; othcr.s, as those marked /, reach only about half way to 
the centre ; and those fold.s, r", which, to use a geological ex- 
pression, are ‘ cropping out,’ penetrate to a very short clistanec 
into the dentine, and resendde, in their extent and simplicity, the 
converging folds of cement in tfie fangs of tlie tooth ot llic 
Iclithyosaurns and Lepidosteus. 

The (lispo-sition of tlic dentine is still more complicated ihim 
that of the cement. It eonsists of a slender, eentral, eonicid 
column, excavated by a conical pidji-cavity for a certain distance 
from the base of tlic tooth; and this column sends radiating out- 
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warJj^, froin its circumference, a series of vertical ])lates, which 
<iivi(lo into two once or twice before they terminate at the 
perij)hery of the tooth. 

Eacli of these divergiii]^ and dicliotomising plates gives otf 
iliroughout its course smaller processes, which stand at right 
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aiifrles, or nt'arly so, to the main plate; they are generally opjro- 
«ite, hut sometimes alternate; many of the secondary plates or 
processes, which are given (df near tin; centre of the tooth, also 
divide into two before they terminate; and their eontonr is seen, 
in the transverse section, to partake of all the undulations of the 
folds of cement which invest and divide the dentinal plates and 
processes from each other. 

The dental pulp-cavity is rcdiu^cd to a mere line ahout the 
upper third of the tooth, hut throughout its whole extent fissures 
uidiate from it, corres})0]iding in number with the radiating plates 
of dentine. lOach fissure is continued along tin? middle of each 
plate, dividing where this divides, and extending along the middle 
uf each bifurcation and process to within a short distance of the 
^ue of cement.* Ihe pulp-fissure commonly dilates into a canal 
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Jit the orio'in of the lateral ])rocesscs of the radiating [dates, before 
it divides to aceoinpany and [lenctratc tliose processes. 

Tho main fissures or radiations 
of the ])iil[)-cavity extend to witli- 

t inU) s[)aees, \Wikdi, in triuisverse 

lainel l;c, i nto 

seemingly simple conical teiMli, 

Toi't.li nf :i T.iiWjrirnimil.-n, iiaCiiiMl si/i-; »# Ilf #» i i- * i» i 

Miiioi,. V. ng. -i'lo, ol the extinct ‘ Dendro- 

dont’ fishes. 

A portion of the transverse section, //, fig. 245, magnified, 
fig. 24f), shows the fissni’cs diverging from the pnlp-eavily, /y, and 
its reticulate extensions, and sending small branches into the den- 
tinal lanudlic. 

These lateral ofisets subdivide into a few short ramifications, 
like tlie I )»\anelies of a shrill), and tenninate in irregular and 
somewhat anguhir dilatations, simuhitiug leaves, l>ut wliieh resolve 
themselves into radiating fasciculi of dentinal tube.s. There are 
from fifteen to twenty-five or thirty-six of these short and small 
hiteral branehes on eacli side of the main rays. 
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A third kind of coinpllcation is produced hy an aggregation of 
many simple teeth into a single mass, lig. 247. 

The examples of these 
truly connionrid teeth are 
most common in the class 
of Fishes, hut the illustra- 
tion here selected is from 
the Mammalian class, 

JCach tooth of the Cape 
A 1 jt-eater ( On/rtf'ro/yus ) 
presents a simple form, is 
deeply set in the jaw, 
but without dividing into 
fangs ; its broad and flat 
l>ase is porous, like the 
section of a common cane. 

The canals tf> which tliese 
pores lead contain pro- 
cesses of a vascular ))ulp, 
and are the centres of ra- 
tliation of as many inde))endcnt series of dentinal tuindes. l-hudi 
tooth consists of a congeiaes oC long and slendoJ* prismatic 
columns of dentine, cemented together by their ossilied capsules. 
Fig. 247 is part of a transverse section of such coin|)Ound tooth, 
showing c tlio eement, d the dentine, p the 
pidp-eavity of tlui dentieles, and d' a section 
oF one of the dentieles just beyond Its bifur- 
cation. 

In the series of tissues, ‘eement’ and 
‘dentine,’ under its diverse modilieatlons, ":l 
rank with ostcine. Enamel is a tissue prr 
•'•'c: it might be compared to calcified e pi- 
derm ; l)ut, in the teeth of Fislu?s, there are 
intermediate gradations of structure which 
link enamel to dentine, and this to bone. 

rpi , „ Ti.mili cl' ;i, IVihlrnUib-, lirilnral 

. 1 he general torm ot the matrix or tonna- 
live organ of tiieth, and the relative position of tlie dentinal pulp 
to its product, bear a close resemblance to the formative organ 
ol hair and bristle. In these, however, the papilla or ]>ulp is 
‘leveloped from the skin, in teeth from the mucous ineral)raue. 

1 eeth further agree with the extravasenlar appendages of tin? 
ill being shed and reproduced, sovnet vines once, sometimes 
^•i^Jtluently, dunng the lifetime of the individual. In some 
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instances, as witli certain (lerinal apj)eiulages, the reproduction of 
the tooth is uninteiTU[)ted, or continuous. A tooth, wJieu fully 
foriued, is subject to decay, but lias no inherent [lOAver of 
re[)aratioii. 
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Tims teeth are analogous to cinilerinal and horny parts in their 
mode of deve1o))ernent, in their shedding and re[)n>diietion, and 
in their exposure to outward influences ; but the antlers of dei'i* 
arc similarly ex])o.sed, and are likewise shed and renewed, yet, 
like the teeth and born-cores of the ox, tliey are elasseil with 
the (»sse.ons tissiu’s. 

§ 70. 7Wt/i of Fishes, — In tins class of Vertebrates the teeth, 
whetlurr we study them in n‘gard to tlieir miinhcr, form, suhstance, 
stnietnre, situation, rir mode of attaclnnent, offer a greater and 
more striking scries of \arictics than do tluisc of any other class 
of Animals. 


As to number, they range from zero to countless (|naiititics. 

Aiiiiiiorefc, the Sturircon, fiir, 12.1, rTJjhii 
wliole onlcr ni' J^off hob rau<7iu, {\Yei edentulous. 

ll»e Myximnds, % 248, have a single pointed tooth, on the 
lem h has a single grinding-tooth "on the occiput, 
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lifT. 2e50, c, opposed to two dentigerous jdiaryugcal jaws, f/, d, 
lielow. In tlie Lepidosireu a single innxillarv denial [)lalo, 
lig. 2ol, rf, is op|>osed to a single mandibular one, />, an<l tlio-e aie 
two small denticles on the nasal hone, e. In the extinct Sliarks 
with crushing teeth, called Ceratodus and Ctenodns, the jaws were 
armed with four teeth, two above and 217 

two below.* In the Cliiimerie two ^ 
mandibular teeth arc opposed to four 
inaxlllary teeth. From tins low point 
the number in different Fishes is pro- 
gressively multii)Iied until, in the 
Tike, the Slluroids, lig. 2;>2,and many 
other tishos, the moiitli becomes 
crowded with inmimerahle teeth. 

respect to form, 1 may ]>rc- 
niiso tliMt as organised beings with- 
(Iraw tlioinselves more and more, in 
their ascent in the scale of life, from ^ 
the iollnence of eommon physical 
Jigetits, so tlieir parts ])rogressively 
<!eviate from geometrical figures: it 
Is only, thcrehwc, in Ihc lowest ver- 
tvhratcd class that we find lectli in the 
ioj’m of perfect cubes, and of prisms '• 

(jr ])latcs with three sides (J/i/ZcMs-), four sides ( *SV y//7/.s’), live, cn* six 
sltlcs ( iMf/lifdjr/trs, lig. 249). The cone is the most common form in 
Fis])es: such teeth may be slendei;, sharp- 
pointed', and so minute, nuincrons, and closely ^ 
ai.’oi-(.o'aled, as to rcsemlde tlic plush or pile 
of velvet; tliese an* called ‘ villifurm teetli ’ ' 

{dr Ilk'S rillijormos, dnds vn vefoors^); all llic 

toeth of the Perch are of this kind: wdien tiu*, 

hath are equally line and numerous, V)ut 

longer, they are called ‘ ciliilbrm ’ {dmtrs 

< dtif(yn/(,>s^ I when the teeth arc similar to, but ridh ..f M\Nim>. wf. 

rather stronger than tliese, they are called ‘ setiform ■ (dmitos ,vc//- 

Joniics, dents en hrosse): conical teeth, as close set and sitarj) 

pointed as the villilbnii teeth, hut of larger si/e, are. caWed vasp- 

rape ov ni iig, 

<lu! Pike j)raen(.s .such teeth on the back jtart of the vonuM- ; the 
< I of the Sheat-fish (Siliirux f/limis) present all the gradations 

’ 7; p'-, 22. 2 V. pi. as. 

the Irencli terms ore those usoJ b^' Cuvier in xsiii. jiassim. 
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bct\vcen llie ^illiForm and ra<luliforni types, Setifonn teeth 
are common in the Flslies thence called Clnetodonts in the 

genus CitJun'ma they bifurcate at 
their free extremities; in the genus 
- X Platax they end there in three dl- 
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Plata.!' they end there in three dl- 
/f}H\ \ verging points, and the cone Inne 

/ \ merges into the long and slender 

Vj — )} Nmietiines the cone is compressed 

V \ / ■ — ^<j\ I fp trenchant blade : and this may 

y! ---O ^ j pointed and recurved, as in tlie 

^ — " J/arm/a ; or barbed, as in Tnrhbn'u.s'^ 

jHwsami <)|,hcr hSconibcroids ; or it 

may be bent upon itself, like a tenterliook, as in the iishes theiKM* 
called Goniodoiits.^ In the Bonitoinuy be perceived a progressive 

llfickcning of the base <»t’ 
the conical teeth : and this 

iisli form stronger cones; 
and by progressive blunting, flattening, and ex|>ansioii of the 
aj)ex, observable in different fishes, the 
cone gradually cliaiigcs to the thick and 
sliort cylinder, such ixs is seen in the "*k 
teeth of the wolf-fish, and in similar grind- 
ing and crushing teeth in other genera, 
whether feeders on sea-weeds or on criista- 
ccous and testaecous animals. The grind- 
ing surfiice of these short cylindrical tcofli 
XX,..,. Slicepyboml 

fish {Sarffiis); or flattened, as in tlie 
pliiiryngcal teeth of the Wrasse {Lahrus, fig. 254). Sonictimos 
the hemispheric teetli are so uumerous, and sjiread over so broad a 

* Kairn, a bristle ; wSoys, a tooth. Vcopla, an anglo ; oSouy, a tooth. 
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surface, as to resemble a pavement, as in the pharyngeal bones of 
the AVrasse or Jloek-fisli (J^ahnis, fig. 254) ; or Ihoy may l)c 
so small, as well as numerous (dentes f/twrijormes), as to gh e a 
gninulatccl surface to the part of the mouth 
to which they are attached (prcmaxillaries 
Cossj/phus),^ A progressive increase of 
ilie transverse over the vertical diamCt^' may 
be traced In the molar teeth of difterent 
fishes, and sometimes in those of the same 
individual, as in Lahnts^ uJitll the cylindrical 
form is exchanged for that of the depross(*(l 
])liite. Siudi dental plates (dentes ianwlll’- 
fonnes) may be found, not only cirmilai*, 
but elliptical, oval, semilunar, sigmoid, ob« 
bmg, or even square, hexagonal, pentagonal, 
or triangular ; and the grinding surface may 
])resent various and beautiful kinds of scnl))- 
tiiring. Tlie l)roadest and thinnest lamelli- 
Ibnu teeth arc lliose that form the complex 
grinding tubercle of the Diodon, fig. 257, 
h. The front teeth of the Flounder and Sargiis in-tu 

presimt the form of compressed plates, at 
least in the crown, and are dentes incistei, TsTinierous wedge- 
shaped dental plates (dentes cuneati?^ are set vertically in the 

2,j;5 2'»l 




*q)pcr pharyngeal hone of the Parrot-fish (Saints^ fig. 255). 
A thin lamella, slightly curved like a finger-nail, is the singular 
form of tooth in an extinct genus of fishes, thence called 
j*etnlodus. Sometimes the incisive form of tooth is notched 
the middle of the cutting edge, as in Sargus uniniaculatus, 
^oinetimes the edge of the crown is trilobate (Ajdodaetyius^ 
256). Somc,timcs it is made qniuquolobate by a double 

V. i»l. 45, fijr i. 
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nutoli on oaoh Ada of the laro'c middle lo]>e (Boops). In the 
foniiididde Si'iv-[nke (^SpJtprana Ihtrrariultt) tlie crown of each 
tooth, larviV and Jr^inall, is ]>roduced into a compressed and sharp 
point, and resembles a lancet. Sometimes 

S t he edj^es of such lancet-shaped teeth are 
finely serrated, as in Priodon, and the p;reat 
Sharks of the genus (arrhartas, the fossil 
teeth of which indicate a species {Curdu 
jMrpalodon^ sixty or seventy feet in length. 

The lancet ted form is exchanged for the 
stronger s]>ear-sha|)ed tooth in tlie Sharks 
of the genus jAthma^ lig. 200; and in the 
j: allied great extinct Otodua^ as in the small 

i Porbeagle, similarly shaped, but stronger, 
i j)ierciiig and cutting teetli were complhaitcd 
:i ])y (nieor more accessory compressed ciis|»s on 

J cacb side of their bas(;, like the Malay creas(‘. 

‘ AVitb resp(!Ct tf> .svy/zoZ/V///, the teeth, in 
Sharks and Kays, are limit (‘d to the bones 
^ (maxillary and mandibular), wliicli Ibrm the 

. anterior aperture of the mouth: in the 

Carp and other Cyprinoids the tendh arc confined to the bones 
(]>liaryiig(’aj and !>asioccipital) which circumscribe tlie posterior 
aperture of the mouth. The \Vrasses {L(dtrm) and 
tlui Parrot-fishes (SVvz/’z/.v) have teeth on the pre-max- 
r ilhiry and pre-mandibular, as well as on the upp(‘r 

U and lower pharyngeals ; both the anterior and 

V W V posterior apertures of the mouth l){fing thus j)ro- 

« (%'0a vided with instruments fur sei//mg, dividing, or eoiu- 
' L U minuting the food, the grinders being situated at 
the jdiarynx. In most fishes teeth are developed 
' ’ ' fdso in the intermediate ])arl.s ol* the oral eavit} , 

as. on the palatines, the vomer, the hyoid boru's, 
tlio brambial arches; and, though less eommouly, on the ptc- 
, rygoids, the entojiterygoids and 

sjdicnoids. It is very rare to 
teeth developed on the Inie 
■■ superior maxillary bones-, but the 

:• i Herring and Salmon tribes, senne 

of the Ganoid Fishes, and the 
^udhy fig. 8f), 21 , arc cx- 
amples of this a[)proach to the 
higher A^ertebrates. Among the 

S« i l loll <.f 1 1 !'- J:i \v f!inl ii rl li of Ilic Cliil X' ri-.]i I . . /* , il 

V anomalous Y>ositions oi teeth may 
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l)e cited, besides the nasal teeth of Ihc Lepidosiren, fhj;*. zo I , 
and the occi])ital alveolus of the Car]) and Tench, the 

inarf^iual alveoli of the prolonged, depn'ssed, well i)ssifie(l n»slnmi 
of the Saw-fish (/V/.v/w, fig. Go). In the Lanipreys, lig. and 
in llvfostoinus (an osseous fish), most of the t(H;th are attaelied to 
the lips. Lastly, it is peeullar to the class iV.>Yr.s', amongst Vei*te- 
hrates, to offer examples 
of teeth (levelo])ed in tlie 
median line of the month, 
as in the palate of the 
Myxines, fig. 24.8, a ; 
or crossing the symphy- 
sis of flic jaw, as in 
Xotuhiuvs^ Scf/)/fnus, and 
MijUohatcs^ f 

Nor is the mode less 
varied than the place of 
attachment. The teeth 
of lArphlns, PaurUiit^ 

A aahlepSy are al ways 
moveable. In m(»st 
fishes they arc aneliy- 
losed to the jaws by eoii- 
tinuoiis ossification from 
the base of the dental 
j)ulp. Sometimes we 
find, not the base, but 
one side, ol’ the tooth anchylosed to the alveolar border of the 


2.3‘J 



<>( I ho Jn w of iJk? ran«>i lish. fchi-« inir iht* of doii( ii i.oi. v. 


jaw ; and the teeth oppose each other by llielr sides instead 
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of* tlunr summits {Scar7fs, fig. 2,59); in Pimeloflm, ho wav 
Avliere tlic teetli are llms attaclie<l, the crown is bent down 
ill the upper teeth, and bent up in the lower ones, at right angles 

to the fang, so that they 
oppose each other by the 



I’orrioii of lilt- j i\\ <tf f nj.iihin |^!-l•^1orius sh iwinir Mu* !i>;a- 
rm-iiloiis !itt;i(*fiiin’nl, ttf i lo’ a'. 


normal surfaces. Certain 
teeth of recent and fossil 
cartilaginous fishes have 
their base divided into 
processes like fangs, l)ut 
these serve for the attach- 
ment of ligaments, and 
arc not set in bony soedvots 
like the true fangs or 
roots of tlie teeth of Afam- 
mrds. 

The base of anchylosod 
teeth is, at first, attached 
to the jawbone by liga- 


ment; and in the Cod-fish, AYfdf-fish, and some other spcr 


eies, as calcification of the tooth progiTsses towfirds its base, 
the subjacent [)ortK)u of the jawbone reeeives a stimulus, and 


devclopes a process corres- 



ptvnding in size and form 
wltli tlie base of tlie tooth ; 
for some time a tlfin layer 
of ligamentous substance 
Intervenes, but aneliylosls 
usually takes jdace to a 
greater or less extent before 
the tooth is shed. Most of 
the teeth of the Lophius re- 


tain the primitive connection ; the ligaments, fig. 2(10, r/, of the largti 


internal or posterior teeth of the iipj)cr and lower jaws, radiate on 


the corres})oii(Jlng sides of the bone, the base of the tooth resting 


on a conformable alveolar |)rocess. The ligaments do not permit 
the tooth to be bent outward beyond the vertical position, but 
ylcdd to pressure in the contrary direction, by which the point of 
ihe tootli may be directed towards tJieback of the mouth, as at c; 
the instant, however, that tlic pressure is remitted, tlie'^*tooth 
returns through the elasticity of the bent ligaments, sis by the 
action of a spring, into its usual erect position, h ; the deglutition 
of the prey of this voracious fish is thus facilitated, and its escape 
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])rcventc(l. The broad and generally bifurcate bony base of tlie 
teeth of Sharks is attached by ligament to the seiniossiHed crust 
of the cartilagiiKjus jaws, fig. 263 ; but tiiey have no )>ower of 
erecting or depressing the teeth at will. The small and closely 
crowded teeth of Rays are also connected by ligaments to the 
subjacent maxillary and mandibular membranes. Tlie broad tcs- 
selated teeth of the Myllobates have their attaidied surface longi- 
tudinally grooved to afford them better hold-fast, and the sides of 
the contiguous teeth are articulated together by serrated or finely 
undulating sutures, a structure unicpie in dental organisalioii. 
The teeth of tlie Sphyrama arc examples of the ordinary im- 
plantation in sockets, with the addition of a slight anchylosis of the 
base of the fully-formed tooth with the alveolar parlctes; and the 
compressed rostral teeth of the Saw-fisli, fig. 65, aro deejily 
implanted in sockets. In the latter the hind margin of their base 
is grooved, and a corresponding ridge fnnn the back part of the 
socket fits into the groove, and gives additional fixation to the 
tooth. Some imjdanted teeth in the |)res(*nt class •ha\’e their 
hollow base further supported, like the claws of the ibline tribe, 
upon a bony proceSvS arising from the basi^ of the socket; the in- 
cisors of the Balistos, c. g. afford an cxam]>lo of this douhle or 
reciprocal gom])hosis.‘ In fact, the whole of tliis part of the 
organisation of fishes is re|)lete witli lieautiful instano(‘S of design 
and instructive illustrations of animal meclianies. The vertical 
section of a jiharyngeal jaw and teeth of the AVrasse (^Lahrus) 
would afford the architect a model of a dome of unusual strength, 
and so supported as to relieve from iiressure ihoiloor of a vaulteil 
chamber beneath. The base of the dome-sbajicd tootli,*fig. 210, 
is slightly conlrai^lcd, and is im|)lanted in a sliallow circular 
cavity; the rounded margin of which is adapted to a circular 
groove in the contracted part of the base ; tlie margin of the 
tooth which immediately transmits the pressure of the bone, is 
strengthened by an inwardly jn'ojecting convex ridge. 'rho 
masonry of this inner buttress, and of the dome itself, is eornposed 
of hollow culiiinns, every one of wliicli is placed so as best to 
resist or transmit in the due direction the external pressure. 
The floor of the alveolus is thus relieved from the office of sus- 
taining the tooth : it forms, In fact, the roof of a lower vault, in 
which the germ of a siiccessional tooth, fig. 261, h, is in course of 
dcvelopemcnt. The superincumbent pressure is exclusively 
^^ustained by the border of the alveolus, whence it is Iransfcrred to 
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the wallri dividing the vaulted cavities containing the germs of the 
new teeth ; tlie roofs of these cavities yield to tlie absorhent 
jirooess consequent on the growtli of the new teeth without 
materially weakening the attachment of the old Cecth^ and without 
the new teeth being subjected to any pressure until their growth 
is sufficiently advanced to enable them to hear it with safety; by 
this time the sustaining borders of the old alveolus are under- 
mined, and the old worn-down tooth is shed. 

"Fhe dental system of the Wolf-fish {Anarrhkhas Lupus), is 
adapted for feeding on hard Crustacea and tcstacca. But, in 
order to secure the capture of the Ksliell-fish, the teeth of the 
AVolf-fish are not all enishers; some [iroscnt the hiniary type, 
with the apices more or less recurved and blunted by nse, 
and consist of strong cones spread abroad, like grappling-liooks, 
at the anterior part of the monthJ 

The [iremaxillary teeth are conical, and arranged in tAVO rows. 
There aia^ three large, strong, diverging laniarles at the anterior 
end of eaeJi premandibular hone, and inmieiliately behind these, 
an irregular number of shorter and smaller conierd te(*th, whieli 
gradually e-\ehaiigo this form for that of large obtuse luliereles; 
these extend backward, in a double alternate series, along a great 
jiart of the alveolar border of the bone. Each palatine bone 
supports a double row of teeth, the outer ones being conical and 
straight, and from four to six in number; the inner ones two, 
tliree, or four in numl.)cr, and tubcreulate. The lower surlaee of 
the vomer is covered by a double irregularly alternate series of 
the same kind of large eriishing teeth as those at the middle of 
tliequ’cmandibular. All the teeth are anebylosed to juore or less 
develo])cd alveolar eininences, like the anterior teeth of the 
J.opkius, 

From the enormous developemcnt of the nnisclcs of the jaws, 
and th(‘ strength of the shells of the whelks and other tcstaeea 
whi<*h are cracked and crushed by the teeth, their fracture and 
displacement must nhviously l)e no luifreqiiont occurrence; atid 
most specimens of the jaws of the AV^olf-fish exhibit some of the 
teeth separated at the line of anchylosis, or broken off* above the 
base. 

With regard to the suhstance of the teeth of Fishes, the 
modific^ations of dentine, called vaso-dentlne and ostco-dentino, 
.predominate much more than in the higher Vertebrates, and they 
thus more closely resemble the bones wbicb support them. The 
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teeth of most of the Chsetodonts arc flexible, clastic, aiul composed 
of a yellowisli subtransparent albuniinous tissue ; such, likewise, 
arc the labial teeth of the TIclostoiiie, the ])reinaxilhiry and 
Diandibular teeth of the Goniv)donts, and of the })creoid ^emis 
Trichodon. In the Cyclostoincs the teeth consist of a denser 
albuminous substance. The upper pharyngeal molar of the Car}) 
consists of a j)ecidiar brown and sernitwtns parent tissue, hardened 
hy salts of lime and magnesia. The teeth of the Flying-fish 
{Exnc(vtus) and Sucking-fish (Ilxtnom) consist of osteo-d(mtiiie. 
In many Fishes, (i. g. the Amnthimts^ Sphi/rcvna, and certain 
Sharks {Lamna^ fig. 241), a base, or bofly of osleo-dentino, is 
coated by a layer of true dentine, but of unusual hardtiess, like 
enamel: in Prlonodou this hard tissue predraninates. In the 
Lahrm the pharyngeal crushing teeth consist wholly of hard or 
iiuvascidar dentine, lig. 240. In most Fyenodonts and Cestra- 
cioiits, and manj'* other Fishes, the body of the tooth consists of 
ordinary mnascular dentine, covered by a nuxlilication of gano- 
(lentine. In Sarf/us aJid Pdllstes the body of the tooth consists 
of true dentine, and the crown is covered by a thick layer of a 
denser tissue, differing from the ‘ enamel ’ of iMammalia only in 
the more com|)lieated and organised mode of dejmsitioii of the 
earthy salts. The ossification t)f the capsule of the complex 
matrix of these teeth covers the enamel with a thin coating of 
‘ cement.’ In the jdiaryngeal teeth of the Scams a fourth sub- 
stance is added l)y the ossification of tlie base of tlie l>ulj) af*ter 
its summit and ])eriphery have been converted into hard dentine ; 
and the teeth, fig. 202, thus composed of cement, c, enamel, r, 
<lentine, d, and osteo-dcntine, are the most (•omplex in regard to 
their substance that have yet been discovered in the animal 
kingdom. 

The tubes which convey the capillary vessels through the 
siil)stance of the ostco- ami vaso-dcntiiie of the teeth of Fishes 
were early recognised, on aceoiiivt. of their coin|)aratively largo 
^ize ; as hy Andre, e. g. in the teeth of Acifnthanis^^ w\\{\ I>y 
Cuvier and Von lh)rn in the teeth of the wolf-fish and other 
S|)ec-ies. LeeinveJihoek had also delected the much finer tubes 
of tlie peripheral dentine of the teeth of the haddock.- These 
Sloiitlnal tid)uU’are givcti ofl* from the parletes of the vascular 
<‘auals, and bend, divide, and subdivide rapidly in the liard l)asis- 
t issue of the intcrs[)a(ies of those canals in ostco-deritinc ; tlie 
fientiual tnludi alom; are found in true dentine, and they liMve a 
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straightcr and more parallel course, usually at right angles to the 
outer surface of the dentine. Those conical teeth whicdi, when 
fully formed, consist wholly or in great part of osteo-dentinc or 
vaso-dentine, always first appear Avith an apex of hard or true 
dentine. In some Fishes the simple central basal pulp-cavity of 
such teeth, instead of breaking up into irregular or ])arallel 
canals, sends out a series of vertical plates from its peri[)hery, 
which, AY hen calcified,* give a fluted character to the base of the 
tooth, e. g. in Lepidostvus This is the first step in the 

pattern of complication which attains its maximum in •Labyrinth- 
odonts and Dendrodonts, figs. 244, 24fi. 

'riius, with reference to the main tissue of tooth, we find not 
fewer than six leading modifications in Fisluis: hard or triu!! 
dentine (^Sparoids, J^ahroids^ Lojdnna^ lialisfrs^ Pt/rnodonts, 
Pnonodon^ Spln/rcma, lihizodns^ Dlodoay IScarus)^ 

osteo-dentine ( CestracioVy Acrodus^ LepulotiireUy Cfatodiui^ Ih/hodas^ 
Percohhy Scia'Hoida, Cottoids^ Cohioidsy and many others), vaso- 
dentine ( Psammodifs, Clnmcmmhy PristiSy A/f/Uohntvs), jfiici-dentine 
(^.LophiuSy IloloptyidiiuHy Lepidostma oxynniSy at the base of the 
tee til ), 1 a 1 ly ri n tho-den tine {LepidosfrKS phttyrh w //.v, Poth ritdvplsi) , 
and dendro-dentine ( Dendrodus ) ; besides the compound teeth of 
the Scants and Diodon, 

One structural modification may prevail in some teeth, another 
in other teeth, of the same fish ; and two or more modifications 
may be present in the same tooth, arising from changes in the. 
process of cal(!ification and a persistency of ])ortions or jirocesses 
of the iiriinitive vascular pulp or matrix of the (hmtine. 

The dense covering of the beak-like jaws of the Fari-ot-fishcs 
{Scants y figs. 25S, 2.59) consists of a stratum of prismatic denticles, 
Kstanding almost vertically to the external surface of the jaw-bone. 
It is peculiarly adapted to the habits and exigences of a tribe of 
Fishes which browse upon the litbophytes that clothe, as Avith a 
richly tinted carpet, the bottom of llie sea, just as the Kumliuint 
cpiadrupeds crop the herbage of the dry land. 

The irritable bodi(?s of the gelatinous jiolypes Avbich constitute 
the food of thesii Fishes retract, Avhen touched, into their star- 
shajied stony shells, and the Scari consequently require a dental 
ap]jaratus strong enough to lircak off or scoop out these calcareous 
recesses. The jaws are, therefore, prominent, short, and stout, 
and the ex[)osed jioi tions of the preinaxillaries and premandibulars 

‘ Wyman, American JvHinial of Natural Sciences, Oct. 1843. Cuvier has given 
an acciii ate view of the plaited structure of the base of the Woh-tish’s tcetli in ph 32, 
fig. 7, of his Lc<;ons d’Anatomic Coiiii»arcc, 1805. 
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arc encased by tlie above-described complicated dental coveriiifr. 
The polypes and their cells arc reduced to a pulp by the action of 
the pharyngeal jaws and teeth, that close the posteri<.»r ujiertiire of 
the mouth. The superior dentigerous pharyngeals, fig. 25o, present 
the form of an clongatctl, vertical, inequilateral, triangular plate : 
tlic upper and anterior margin forms a thickened articular surface, 
convex from side to side, and playing ih a corres[)onding groove or 
concavity upon the base of the skull ; the inferior hoiindary of tluj 
tj'ianirle is the lomrest, and also the broadest : it is convex in the 
antero-postcrior direction, and flat from side to side. On this 
surface the teeth are Implanted, and in most species they form 
two rows: the outer one consisting of very small, the inner one 
of large, dental [dates, which ai’e set nearly transversely across 
the lower surface of the upper pharyngeal bones and teeth, 
ill close apposition, one behind the otlier; tlicir internal angles 
arc [irodueed beyond the margin of the bone, and interlock with 
those of tlic adjoining bone when the pharyngeals are in 
their natural position; the smaller denticles of the outer row 
nre set in the external interspaces of those of the inner row. 
The single inferior pharyngeal bone i!onsisls ])nncipally of an 
olilong dentigerous {)lato,' supported by a strong, slightly curved, 
transverse, osseous bar, the extremities of which exjiand into thick 
olituse processes Ibr the implantation of the triturating muscles. 
A lontritudiiial row of small oval teeth alternating with the 
large lainelliform teeth, like those of the superior pharyngeals, 
hounds the d(*ntigorous plate on each side ; the intermediate space 
is oecii|)ied exclusively by the larger wedge-shapc<l ti'cth, set 
vertically in the bone, and arranged transversely in alternate and 
pretty close-set scries. 

The dental [dates are developed in wide and deep cavities in 
the substance of the [lostcrior part of the lowei*, and of the ante- 
rior part of the u[)per [diaryngcal bones. Tlie teeth exhibit 
[irogresslve stages of formation as they ajiproach those in use ; and, 
as tlieir formation advances to conqdction they become soldered 
together by ossification of tliciv rcspciMivo capsules into one coni- 
[>ound tooth, which soon becomes anchylovsed by ossification of the 
dentinal pul[) to the [diaryngeal bone itself. 

In the dentine of the pharyngeal teeth of the Si^anis the 
dentinal tubes average a diameter of of an inch, and are 

separated by intersjiaccs equal to twice tlieir own diameter. The 
course of these tubes is shown in fig. 262, In which they arc 
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cx])osc(l by a vertical section throii«;li the middle of two of 
the superior denticles. Each tube is miiuitely undulated: 
it dichotomises tlirec or four times near its termination, sends 
off many fine lateral branches into the clear uniting sub- 
stance, and finally terminates iii a scries of minute cells and 
inosculating Ioo})S at the line of junction with the enamel. 
This substance, fig. 262 , c, is as tliick as the dentine, an<l 
consists of a similar combination of minute tu))cs and a clear 
connecting substance. The tul)e.s may be described as com- 
mencing from the peripheral surface of the tooth to which tliey 
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stand at right angles, a'ld, having ]»roeeedcd parallel to each other 
halfway towards the dentine, tliey tlien l)egiii to divide and sub- 
divide, the branches crossing ca(*h other ohlirpu'iy, and finallv 
terminating in tlie cellular boundary between tlie enamel and 
dentine. 

In the iirogress of attrition, the thin coat of cement resulting 
from the ossification ot the capsule is first removed from the apex 
of the tooth, then the enamel constituting tliat a])ex, next the 
dentine, and, finally, the coarse central cellular hone, supporting 
the Jiollow tooth : and tlius is j)roduccd a triturating siii'faei? of 
four substances of‘ different degrees of flonsity. The enamel, 
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Loini^ the liardcst clcineiit, ai>pears in tlic form of elliptical trans- 
v(,*i‘.se ridges, inclosing th(^ (lentine and centJ'al bone; and external 
to the enamel is the cement, c, which hinds together the different 
denticles. 

'’.riiere is a close analogy hetAveen the dental mass of the Seams 
and llie coinplicaled grinders of the Elephant, both in form, 
striictnre, and in tin', reproduction of Ihe (‘oir.}u:)nent denticles in 
liorizoiitnl sncecssion. I>nt in the Ush the com])lexity of the 
tjitiirating siirCace is gr('ator than in the mammal, since, from the 
jnode in which tlio AVi-dge-shaped denticles of the Seams are 
jin[)lanted njxm.and ancliylosed to, the processes of the sn|)portIng 
hone, this likewise enters into the formation of the masticatory 
surl’aec when the tootli is worn down to a certain point. 

The proof of the efficacy of the complex masticatory ap'paratns 
al)ove described is afforded by the (contents of the alimentai’y 
canal of the Seari. The intestines are nsnally laden Avith a chalky 
pnip, to Avhieh the coral dwellings have been reduced. 

Dnrloficmc'vL— As might 1)0. supposed, by the above-defined 
varied and predominating vascular organisation in tlie teeth of 
KIshes, and the |>assage from noti-A aseular dentine to vascular 
(ItMitine in the same tooth, the devolo})ement of dentine by eentri- 
peta! metamorplujsis and (*alcificatiou of tin? j)nl|) Avas determined 
by ol>.servations made on the dcvclopement of the teeth in the 
pn‘sent (dass.‘ 

it is ini(n-<'st ing to o])scrve in it the ])r(K‘ 0 ss arrested at each of 
tlie Avtdl-rnarked stages through wlfich tlie developcment of a 
Araimiialiiin tooth ])nsses. Tn all Fishes the first step is tlie sinijilo 
])rodnetlon of a sol't Avascular papilla from the free surface of the 
hiiccal membrane; in Sharks and ]\ays these ])apilla'., fig. 0(S2, c, 
do not |H'occed to sink into the substance (vf the gum, but arc 
covered by caps of an opposite free fold of the buccal membrane: 
these caps do not (K)n tract any ()rganic coiinecthm Avi ill the ])apilll- 
foi-in matrix, hut, as this is converted into dental tissue, ib. />, the 
tooth is gradually AvithdraAvn from the extraneous protecting cap, 
to take its place and assnino the erect ])osition on the margin of 
ihe jaAV, fig. a. Here, thcrerore, is repre.'sented the first and 
transitory ‘ ])a])illary ’ stage of denial dcA elopement in iMaminals: 
and the simple crescentic eariilaginous maxillary plate, d, Avith 
the open groove behind containing the germinal paplllie of the 
teeth, offers in the Shark a magnifietl representation of the earliest 
condition of tlie jmavs and teeth in the human einhryo. 

In many Fishes, e. g. Lojdiins, J'Jso.r, the dental jiajiilhe become 
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buried in the membrane from \vl\ich they rise, and the surface 
to which their basis is attached becomes the bottom of a 

closed sac : but this sac 
docs not become inclosed in 
the substance of the jaw ; 
so that teeth at different 
stages of growth arc 
brought away with the 
thick and soft gum, when 
it . is stri])])od from the 
jaw-bone. The final fixa- 
tion of teeth, so formed, 
is effected by the dcveIoj)e- 
ment of ligamentous fibres 
in tlic submucous tissue be- 
tween the jaw and the bast* 
of the tooth, wliicli fibres 
become tlic medium of con- 
nection between those parts, 
eitlier as elastic ligaments 
or l)y continuous o^ssifi(^a- 
tion. Here, therefore, is 
represented the Mbllioular’ 
stage of tlie developement 
of a Mammalian tooth : 
but the ^eruptive’ J^tage 
takes place without i»re- 
vlous inclosure of the follicle and matrix in the suljstance of the 
jaw-honc. 

Tu Bff.lisff's, Scarns, Sphijrcenn^ the S])aroIds, and many other 
Fishes, tlie formation of the teeth presents all the usual stages 
whicli ha\^e been observed to succeed eaeli other in the dentition 
of the higher Vertebrates : the pajuJJa sinks into a follicle, becomes 
surrounded by a capsule, and is then imduded Avithin a closed 
alveolus of tlie growing jaw, figs. 259, 261,c, Avherc the devclope- 
ment of the tooth takes place and is followed by the usual eruptive 
stages. A distinct enamel-pulp is developed from the inner 
surface of the capsule in IJalisteSy SearuSy Sarffus, and Chryso- 
phrys. 

In the fonnidable Ihirracuda {Sphyroina) the loss or fracture of 
tlie lance t-sluiped teeth, in the conflict with a struggling jirey, is 
repaired by an iininterriipted succession of new ])ulps and teeth. 
Tlie existence of these is indicated by the foruinina, Avhich are 
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situated immediately posterior to, or oti tlie Inner margin of, the 
sockets of the teeth in place : these foramina lead to alveoli of 
reserve, in which the crowns of the new teeth, in different stages 
of developeinent, arc loosely embedded. It is in tliis position of 
the germs of the teeth that the Sidiyramoid fishes, both recent 
and fossil, mainly differ, as to their dental characters, from the rest 
ol’ the Scomberold family. 

It is interesting to observe that the alternate teeth are, in 
general, contem|M)rancously shed: so that llic maxillary armour is 
thus ])res(‘rved in an (dfective state. The relative [)ositi()n of 
the new teeth to their predecessors, and their influence upon 
them, resembles, in the Sphf/ncjia, some of the phenonKma which 
will be described in the dentition of the Crocodilian iicjitiles. 
To the Cro(*x)diles the jircvsent voracious Fish also a|)])roximates in 
the alveolar lodgenient of the teeth : but it manifests its ichthyic 
character in tin* aindiylosls of the fully-devel()]>ed teeth to tlieir * 
sockets, and still more strikingly in tlie intimate structure of the 
t(affh. 

In all Fishes the teetli are shed and renewed, not once only, as 
In Mammals, but Ireqnontly, during the whole course of their 
livcvs. The maxillary dental plates of Lepidodren^ the cylindrical 
ihmtal masses of the Cliiniieroid and Fdaphodont Fislios, and tlic 
rostral teeth of Prlstis (if these modified dermal sjiines may he so 
called), are, perhaps, the sole examples of ‘ pcnnanciit teetli ’ to 
he met with in the wdiole class. 

AVhen the teeth are developed in alveolar cavities, they are 
usually siK'ceeded by others in the vertical direction, as in tlie 
]>haryngeal hones of the Labroids, fig. 201 : but sometimes 
they follow one after llic other, side by side, as in tlie Scaroids, 
fig. 259, c. In Ileptiles and Mammals the siiceessional teeth 
owe the origin of their matrix to the budding out from the cap- 
sule of their prcdceessors of a cxcal jiroecss, in which the 
papillary riidimoiit of the dentinal pulp is develojied; but, in 
the great majority of Fishes, the germs of the new teeth are 
developed, like those of the old, from the free surface of the 
huceal membrane tliroughout the entire period ol* succession : 
a (fn*(‘iimstancc peculiar to the present class. The Angler, the 
Fike, and most of our common Fishes, illustrate this mode of 
ilental reproduction ; it is very consiiicuous in the cartilaginous 
Fishes, figs. 263 and 264, in which the wdiolc phalanx of their 
numerous teeth is ever marching slowdy forwards in rotatory 
])rogress over the alveolar border of the jaw, the teeth being 
suceessi\ely east off* as they rcacli the outer margin, and new 
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tee tV rising; from the iimciioiis membrane behind the roar rank of 
tSo' plfSlanx. 

ThLs endless suc(M»ssion and dccaden(?c of the teeth, together 
with tlie vast nimibers in which tliey often coexist in the same 


201 
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Fish, illnstrate the law of V(»getativc or Irrelative Ko])etition,' as 
it manitests itself on tlie first introduction of new organs in the 
Animal Kingdom, vmder Avhicli light Ave must view the above- 
described organised and calcified jirejiaratory instruments of 
digestion in the lowest class of the vertebrate series. 

At tlie extreme limit of the class of Fislics, and connecting 
that class Avith the ]lej)tl]es, stands the very remarkable genus, 
the dental system of Avhich is figured in cut 2.51. This consists 
of t-Avo small, slender, conical, sharp-pointed, and slightly recui-A cd 
teeth, which jiroject downward from the nasal bone, c, and of 
strong trencliant dental plates, amrhylosed Avith the alveolar border 
of the ii]i]>er, ti, and lower, jaws, in each of Avhich the plate 
is divided at the middle, or syrnphysial line, so as to form two 
distinct lateral teeth. l''he office of the tAvo laniarifonu teeih is 
to i>iorcc and ictaln the nutritive substance or prey Avbicb i^^ 
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afterwards divided and comminuted by the stroti^ n^xiilayy 
dental plates, ’ ' ^ 

§ 71. Teeth of Reptiles , — If we compare the dental system 
of Lepidosiren Avith that in liatrachia^ it is to the larval state 
of the Ailonrans that an analogy may be found: the tadpole of 
tlie Frog having its maxilla and inandibnla each sheathed with a 
continuous horny trenchant covering.^ Were this sheath actually 
dentinal in tissue and united to. the jaw-bone, the reseinblaneo to 
the Lepidosiren would be closer : but it is never calcified, and is 
shed during the progress of the metamorphosis.^ The Siren 
alone, among the pcrenniliranchiates, retains the sheath u])on 
the extremity of the up])cr and lower jaws; it consists of a firm 
albuminous tissue, and becomes harder than horn. But these 
irencliaut mandibles, which play upon one another like the blades 
ot a pair of curved scissors, are associated Avifh numerous small 
but distinct true teeth, wliicli are grouped together to form a 
rasp-like suilaee on each half of the divided vomer, and Avhiidi 
beset the alveolar border of the splenial element of the mandible 
below. 

The whole order of Chelonia Is edentulous, as well as the family 
ivf Toads { Rnfonuhe) In the order Batrachla; certain extinct 
genera of Saurians were likewise edentulous, e. g. Jllu/nchosauriis 
and Glide nodoiu^ 

in the Tortoises and Turtles the jaws arc covered l)y a sheath 
of horn, Avhlch in some species is very dense ; its working surlacc 
is trenchant. In the carnivorous species, but is thi(*k, variously 
soul])tured, and ada[)ted for both cutting and bruising in the 
vegetable feciders. Tdie develoj)ement of the continuous horny 
maxillary sheath commences, as in the Parrot tribe, Irom a 
series of distim^t papllhe, which sink into alveolar cavities, 
regularly arranged (in Trionifx) along the margins of the upi)er 
and lower jaw-bones : these alveoli are indicated by the ])ersist- 
ence of Avascular canals long after the originallv separate tooth- 
like cones have become confluent, and the horny sheath com- 
pleted. 

The teeth of the dentigerous Saurian, Ojdndian, and Batrachian 
Kei)tilcs arc, for the most part, simple and ada])ted for seizing 
and liolding, but not for dividing or masticating, their (bod. The 
Siren alone combines true teeth with a horny maxillary trenchant 
sheath, like that of the Chclonian licptlles. 

' The large dental plates of Lepidosiren havo their nearest homologucs in those of 
the extinct Hsh called Ceratodus (v. pi. 22, tig. 2). 

* ccxxiii. p. 54, pl.'i. tig. 1. 
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With respect to iiumhevy in no existing Reptile are the teeth 
reduced so low as in certain Maniinals and Fishes ; nor, on the 
other hand, are they ever so multiplied as in many of the latter 
class. an Australian Frog, has hut two 

teeth in tlie premaxillary hones. The extinct Dicynodont Reptiles 
of Soulh Africa had two long tusks implanted in the upper jaw, 
fig. 271.^ Some species of Amphishcma (A. alba)^ with fifteen 
teetli in the uj)per jaw and fourteen in the lower jaw, and certain 
Monitors ( Varanm\ with sixteen teeth in the upper and fourteen 
in the lower jaw exemplify a low number of teeth amongst 
existing Reptiles ; and certain Batinchians, with teeth ‘ cn cardes ’ 
at the roof of the mouth, or Avhich have upwards of eighty teeth 
in each lateral maxillary series, present the opposite extreme. 
Rarely, however, is the miraher of tlie teeth so fixed and 
determinate in any Reptile as to he characteristic of the 
species, and still more rarely have the individual teeth such cha- 
racters as to h(i determined liomologically from one sp(u*ies to 
another. 

Witli respect to Mtuatlou^ the teeth may he ]»resent on the jaws 
only, i. e. the maxillary, the premaxillary, and mandibular bones, 
as in the Crocodiles, fig. P5, and many Lizards; or upon the jaws 
and roof of the mouth ; and here either upon the j)terygoid bones, 
as in the Tgnana, fig. 98 , D, 24, and Mosasaur; or upon both 
palatine and pterygoid hones, as in most Serpents, fig. 2G6, 20 , 24 ; 
or upon the vomer, as in most Batrachians, fig. 265 , l\ or upon both 
vomerine and pterygoid hones, as in the Axolotl ; or upon the 
vomerine and sj)lienoid hones, as in Sahrmandra f/ltdinoffa, AVith 
respect to the marginal or jaw teeth, these may he absent in the 
premaxillary hones, as in many Serpents, fig. 2()()5 22 ; or they 
may l)e jjresent in the ni>pcr ami not in the lower jaw, as in most 
Frogs: or in both np])cr and loAver jaws, as in the tailed 
Batrachians : and among these they may be snp])orted, n])Oii the 
lower jaw, by tlie prcmaiidihular or dentary [liecc, as in the 
Salamandcn’s, Monopome, Ainjdiiuine, Proteus : or upon the 
s[)lcnial piece, as in the Siren: or upon both s])lenial and pre- 
mandihular hones, as in the Axolotl. The ])alatine and })tcrygoi<l 
teeth may, in l;ho 1 batrachians, be arranged in several rows, like 
tlie ‘ dents en cardes’ of Fishes. The sphenoid and splenial teetli 
are always so arranged in the few species that possess them. The 
intermaxillary, maxillary, and premandibular teeth are uniscrial, 
or iii one row, with the exception of the Ciecilia and the extinct 
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Labyrinthodonts, wbicli liavc a double row of teeth at the autevior 
part of the lower jaw. 

The teeth of licj)tilcH, with few exce})tioiLS, }>reseut a simple 
conical form, with the crown more or less curved, and the apex 
more or less acute. The coftc varies in lengtli and tliickness ; its 
transverse section is sometimes circular, but more commonly 
elli])tical or oval : and this modiiication^of tlie cone may be traced 
through every gradation, from the thick, round, canine-like tooth 
of tlie Crocodile to the sabre-shaped fang of tlie Varaims, the 
Megalosaur, and the Cladeiodon.* Hometimes, as in the I’ully 
formed teeth of the Megalosaur, one of the margins of the com- 
])rossed crown of the tootli is ti*enchant, sometimes both are so ; 
and these may be simply sharp-edged, as in the Varamis ol’ ^fimor, 
or finely serrated, as in the great Varaniis, the Cladeiodon, and 
the Megalosaur.^ 

The outer surface of the crown of the tooth is usually smootli; 
it may l)C polished, as in the Leiodon, or im])ressed with fine 
lines, as in the Labyrinthodon, fig. 243, or i*aised into many 
narrow ridges, as in the Plei<Ksaur and Polyptychodon, or 
broken by a few broad ridges, as in the Igiianodon, fig. 273, or 
grooved by a single longitudinal furrow, as in some Serpents, 
iig. 2r)9, C> 

The cone is longest and its summit sharpest in the Scrj)ents : 
from these may be traced, chiefly in the Lizard tribe, a pro- 
gressive slvortening, expansion of the base, ami blunting of 
the apex of the tooth, until the cone is reduced to a hemi- 
s])herical tubercle, or plate, as in Ct/clodns^ fig. 272, and, in a more 
remarkable degree, in the extinct shellfish-eating Saurian, called 
Plaanlus^ 

In the Pleiosaiir the dental cone is three-sided, with one of the 
angles rounded otf. The posterior subcompressed teeth of the 
Alligator, fig. 275, present a new modification of form; here they 
terminate in a inammillate snmmit, siip])orted ))y a slightly con- 
stri<,*led neck. In the tooth of the llyhcosanr the cx|)andcd 
summit is flattened, bent, and spear-shaped, with the edges 
hlunted. But the cx])ansion of the crown is greatest in the 
subcompressed teeth of the extinct Cardlodon and tlie existing 
Iguanas, the teeth of which are farther complicated tiy having 
the margins notched. The great Tgnanodon had the ci*own of 
Ihc tooth expanded both in length and breadth, and combining 


* V. pi. 62 A, fig. 4. 
Ib. fig. 6 c. * 
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marginal dentiitious with longitiidiiial ridges: this tooth, fig. 273, 
jiresents tlie most complicated external form as yet discovered in 
the class of Reptiles. 

In no Ro[)tile does the base of the tootli ever brancli into fangs. 

Attacluw^uL — As a general rule, the teeth of Reptiles are 
anchylosed to the bone which supports them. When they con- 
tinue distinct, they may be lodged either in a continuous groove, 
as in the Ichthyosaur,' or in separate sockets, as in tlie Plesiosaur 
and Crocodiliaiis, lig. 275. The base of tlie tooth is anchylosed 
to the wall of a moderately deep socket in the extinct Megalosaur 
and Thecodon. In the Labyrinthodonts and Ca^ciliac, among the 
Batrachians, in most Ophidians, and in the Geckos, Agamians, 
and Varanians, among tlie Haiirians, the base of the tooth is 
imbedded iti a shallow socket, and is confluent therewith. 

In the S(*incoids, the Safeguards ( in most Iguanians, in 

the Chameleons and many Lacertian reptiles, the tooth is anchy- 
losed by an oblique surface extending from the base more or less 
upon the outer side of the crown to an external alveolar jdate of 
bono,^ the inner alveolar |)latc not being developed. In the Frogs 
the teeth are similarly hut less firmly attached to an external 
jiarajiet of Iioiie. The Lizards whi(‘h ha\'(> their teeth thus 
attachi'.d to the side of the jaw arc termed ^ Pleurodonts.’ In a 
few Iguanians, as the Istinres and Rhynclioccphaliis, tlje teeth are 
soldered to the margins of the jaws; and in some large extinct 
Lacertians, e. g. the Mosasaur and Lciodon, each tooth is fixed 
upon a conical process of the alveolar border : these Sauria arc 
termed ‘ Acrodonts.’ 

Such modifications of the attachment of the teeth of Re}>tiles 
are ada[)ted to the habits and food of the species ; and they likewise 
offer an analogy to some of the transitory conditions of the human 
teeth. There is a period, for exaniiile, when the iirijnitive dental 
papillie are not defended by cither an outer or an inner alveolar 
process, any more than their calcified liornolognes, which arc con- 
fluent with the margin of the jaw in the Rhynchoccphalus.'^ 
Th(;rc is another stage in which the groove containing the dental 
germs is defended by a single external cartilaginous alveolar 
ridge; this condition is permanently typified in the Cydodns, 
fig. 272, and most existing Lizards. Next there is developed in 
the Imman embryo an internal alveolar plate, and the sacs and 
pulf)S of the teeth sink into a deep but continuous groove, in 
wdiich traces of tran^s verse partitions soon make .their appear- 

* V. pi. 13, 9. V. pi. 67. 
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jincc; in the ancjcnt Ichthyosaur the relation of the jaws to 
the teeth never advanced beyond this stage. Finally, the dental 
groove is divided by complete partitions, and a separate sock(‘,t is 
formed for each tooth ; and .this stage of developement is attained 
in the highest-organised Ke]>tilcs, c. g. the Crocodiles, figs. 95, 
275. 

Siibstiinc.p .. — This may be four-fold^ and a single tootli may be 
composed of dentine, cement, enamel, and bone : but the dentine 
and cement are present in the teeth of all Reptiles. 

In the Batrachians and Ophidians a thin layer of cement 
Invests the central body of dentine, and, as usual, follows any 
inflections or sinuosities tliat may characterise its surface. Be- 
sides the outer coat of cement, which is thickest at the base, a 
generally thin coat of enamel defends the crown of the tooth in 
most Saurians, and the last remains of the pulp are not unfre- 
quently converted into a coarse bone, both in the teeth which 
are anchylosed to the jaw, anil in some teeth, as those of the 
Ichthyosaur, whicli remain free. The modification called ‘ vaso- 
dentine ’ is peculiar in the present class to the teeth of the 
Iguaiiodon.' 

Structure , — The varieties of dental structure are few in the 
Reptiles as compared with Fivshes or Mammals, and its most cojn- 
plicated condition arises from interblending of the dentinal and 
other substances rather than from modifications of the tissues 
themselvo,s. In the teeth of most Rej)tiles the intimate structure 
of the dentine is of the hard or unvascular kind, presenting only 
])lasmatic or dentinal tubes, diverging from the pidp cavity, at 
right angles to the external surface of the tooth. Such dentine 
may be folded inwardly upon itself, so as to produce a deej) longi- 
tudinal indentation on one side of the tooth ; it is the cx))ansion of 
the bottom of snch a longitudinal deep fold tJiat forms the central 
canal of the venom-fang of the Serpent: but its sti*nctni*e remains 
unaltered; and although the pulp-cavity, fig. 27i\ p, is reduced 
to the form of a crescentic fissure, the dentinal tubes eoiitiiiue to 
radiate from it according to the usual law. By a similar inflection 
of many vertical longitudinal folds of the cement and external 
surface of the tooth fit regular intervals around the entire cir- 
cumference of the tooth, and by a corresponding extension of 
radiated processes of the pulp-cavity and dentine into the inter- 
spaces of such inflected and converging folds, a modification of 
dental structure is established in certain extinct Reptiles, which, 
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by the various sinuosities of the intcrblended folds of cement and 
processes of dentine, with the partial dilatations of tlie radiated 
pulp-cavity, ])roduces the (‘omplicated stnicture which is described 
at p. 3()5, and figured in cut 244. 

Developement — The teeth of Reptiles arc never com])letcd at the 

first or papillary stage ; the pulp 
sinks Into a follicle, and becomes 
inclosed by a capsule ; and in 
certain • reptiles this becomes 
more or less surrounded by bone ; 
but the ^ eruptive’ stage, in the 
sense in which this is usually 
understood, UvS signifying the ex- 
trication of the young tooth from 
a closed alveolus, is not exem- 
plified in recent Reptiles, and 
was rare in extinct onesd 

The completion of a tooth, 
witli the cxc(‘,i)tion of the Dicy- 
nodont Reptiles, is soon fol- 
lowed l)y i)roparation for its 
removal and succession: tiic faculty of developing new tootli- 
germs seems to be unlimitc<l in the present class, and the |)ho- 
nomena of dental decadence and replacement are manifested at 
every period of life ; the miml)er of teeth is generally the same in 
each successive series, and the dilference of size presented by the 
teeth of different and distant scries in tlic same individual is 
considerable. 

The new germ is always developed, in the first instance, at 
the side of the l)asc of tlie old tooth, never in the cavity 
of the base; the crocodiles form no exee])tion to this rule. 
The poison-fangs of serpents succeed each other from behind 
forwards ; in almost every other instance the germ of the succos- 
sional tooth is developed at the inner side of the base of its 
preileecssor. In the Frog the dental germ makes its appear- 
ance in the form of a ])apilla developed from tbc bottom and 
towards the outer side of a small fissure in the mucous membrane 
or gum that fills up tlie shallow groove at the inner side of the 
alveolar jiarapet arid Its adherent tciith: tlie pajiilla is soon 
envolojicd liy a capsular process of the surrounding membrane. 
As the tooth acf{uircs hardness and size, it presses against the 
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base of the contiguous attached tooth, causcKS a progressive 
absorption of that j)art, and finally undermines, dis])laces, and 
replaces its predecessor. The mimlxir of nascent matrices of the 
su(!cessional teeth is so great in the Frog, and they are crowd<*d so 
close together, that it is not unusual to find the cajisules of con- 
tiguous tooth-gerins becoming adherent together, as their ossifi- 
cation proceeds. After a brief maceration, the soft gum may ha 
stripped from the shallow alveolar dej)ressu)ri, and the younger 
tooth-germs in- dlftcrent stages of growth are brought away 
with it. 

The mode of development of the teetli of serpents does not 
differ essentially from that of the teeth of the Batrachlan above 
described, except in the relation of the pa|)illie of tlic suc- 
cesslonal polson-i'angs to the branch of the poison-duct tliat 
traverses the cavity of the loose mucous gum in which they are 
devcloixid. 

Sotne of tlie pecuHarities of the dentition of the Ihilrachians 
liave already been noti(!ed, as in the con)[)arlson of the Siren 
with the Lepulcmren^ in wdiich the true amphibian was shown 
to have numerous teeth on the [)alate and lower jaw.* 'riio 
piscijic cliaracter of rasp-like teeth aggregated in numerous 
series, is maiiii’ested also in the Axolotl,*^ upon tlio j>alata] region 
of the mouth, and u[)oii the splenial or ojancnlar clement of the 
lower jaw; but the su]>erior maxillary Ixnies are here developed, 
and also support teeth. The premandibular and the premaxillary 
bones, instead of |)reserving the larval condition t>f the horny 
slicath, have their alveolar border armed with a single row of 
small, erpial, fine and sharp-pointed denticles, wliich are conti?ined 
above, along the maxillarics ; thus establishing the coimneiice- 
iiKuit of the ordinary Batrachian condition of the marginal teeth 
of the buccal cavity. Tlie dentigerous bones of the palate consist 
of two plates on each side, as in the Siren ; the anterior pair, or 
vomerine l)ones, converge and meet at their anterior extremillcs ; 
the minute denticles which they su] 4 )ort are arranged (|iiinciiu- 
cially ; the posterior pair of bones are (‘ontimied backw^ards 
according to the usual disposition of the |>tcry golds, t(» abut 
against the tym{)aTUC bones; the denticles are confined to the 
anterior part of their oral surface, and resemble in tbeir arrange- 
ment and anchylosed attachment those of the vomerine series, of 
which they form the j)ostcrior termination. 

In the Menopome, fig. 265, the teeth are small, pointed, in a 

* V. l»l. 62, figs. 6 & G. 
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single row, in each bone ; describing a semicircle, upon the pre* 
maxillary, k, and maxillary, Xy bones : a shorter parallel series is 
suj)ported on the vomerine bones, V The mandibular series is 
received into the lnters|)acc of the two rows in the upper jaw. 

The Frogs {RanuY no teeth on the loAver jaw ; but in 
some species the alveolar edge of this bone is finely notched or 
deiitatcd, as in the liorned Frogs Dactijkthra has 

maxillary teeth only ; Myohatravhus has but two horizontal pre- 
maxillary teeth. Both premaxillary and maxillary bones usually 
suj)])ort a long, close-set, single scries of small, conical, hollow 
teeth, f)f which the apices only project beyond the external alveo- 
lar i-idge to whicih they are attached. A short trans\'ersc row of 
similar but smaller teeth exleials along the ])osterlor border of each 
vomer. Other dispositions of the vomerine teeth help to cliarac- 
terise the genera oi UankUny in a few of which they are wanting; 
as, e.g.jin Uperoleidym the slcuder-arnied Frogs {TA^ptolmtcJuum^ 
In ():n/f/lossus, and in some of tlic Tree Frogs (e.g. Eucnemis), in 
Avliieb the roof of the mouth is edentulous. 

Amongst the most lixtraordinary examples of extinct rejjtiles 
aj*e those Avhich are characterised by the labyrinthic inodiHcalion 
of the dental structure above described, and Avhixdi, Avitii some 
affinities to Sanrians, combine eliaractcu’s wliicli arc essentially 
those ot the order Batracliia. In Lahj/rinthofhni lepfor/ndlJurSy the 
upper jaw contains a single row of small teeth, alioiit sixty in 
numlier, anterior to Avliicli arc three or four largo conical tusks. 
The a[)ical two thirds of each tooth is smooth, hut the basal third is 
fluted and aiicliylosed to the outer wall of the socket. The osseous 
roof ot the mouth is principally coni])ose(l of a j)air of broad and 
flat bones, homologous with the divided vomer in Batracliia, hut of 
much greater relative extent. Each bone supports anteriorly tliree 
median small teeth and two outer larger ones, from which a longi- 
tudinal row of small and equal-sized teeth is continued backward 
along the exterior margin of the vomer. The whole of this series 
of vomerine teeth is nearly concentric with the maxillary teeth. 

In Lacertinc reptiles tlie examples of a row of palatal teeth arc 
rare, and, Avhen present, it is short, and situated upon the ptery- 
goid hones, as in the Iguana and Mosasaur. In Batrachiaus tlie 
most conimou dis])Osition of the palatal teeth is a transverse row 
placed at the anterior part of the divided vomer, as in Frogs, and the 
Menopome. In the Amphimne, the vomerine teeth form a nearly 
longitudinal series along the outer margin of the j)alatinc hones. 


> V pi. 02, fig. 10. 


“ lb. pi. 62, fig. 10. 
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TIic Lahyrinthodon combines both theses dispositions of the paliital 
O'V'th. The lower jaw, like the upper, contains a series of small 
teetii, with a few larger tusks anterior to tlicm. The sockets of 
the teeth are shallower than in the upper jaw ; the outer wall is 
jnorc developed than the inner, and the anchylosed bases of the 
teeth more nearly resemble, in tlieir oblique position, those of 
existing Batrachia. Betweem the a}>ei and the part where the 
inflected vertical folds the cement commence, the tooth of the 
Lahyrinthodon resembles, in the simplicity of its intimate struc- 
ture, that of the entire tooth ol‘ ordinary Batrachia and most 
rej)tiles ; and in the lower or basal half of tlu'. tooth the? labyrinthic 
structure above described commences, and gradually increases in 
complexity, 

[]i the genus Deirodnn^^ the teeth of the ordinary bones of the 
mouth are so snndl as to b(^ staircely f)erctq)tible ; and they aj)pear 
to be soon lost. An ac<|ualntance with the liabits and food of this 
sj)ecies has shown liow admirably this a]>parent defect is adapted 
to its well-being. Its business is to restrain the luidue increase of 
the smaller binls by*devouring their eggs. Xow if the teeth had 
existed of the (ordinary form and protmrtions in the maxillary and 
|)iilatal regions, the (?gg would have been broken as soon as it was 
seized, and much of the nutritious contents w(mld have escaped 
from the lipless mouth of the snake in the act of deglutition ; but, 
owing to the almost edentulous state of the jaws, the egg glides 
along the expanded opening unbroken; and it is »iot until it has 
reached the gidlet, and the closed mouth prevents any escape of 
the nutritious matter, that the egg becomes exj)0scd to instru- 
ments adapUid IVxr its perforation. These instruments consist of 
the hypapophysesof the seven or eight |>osterior cervical vertebra?, 
the extremities of which arc capped l)y a layer of hard cement, 
and penetrate the dorsal parictes of the msophagns.'^ Thev may 
be readily seen, even in very small subjects, in the interior of that 
tube, ifi which their points are directed backwards. The shell 
being sawcul open longitudinally l\y these vertebral teeth, tlie 
egg is crushed by the contractions of the gullet, and is carriiul to 
the stomach, where the shell is no doubt soon dissolved by the 
acid gastric juice. 

In the Boa and Pythons, fig. 2 {» 6 , tin? teeth arc slender, conical, 
bent backward and inward above their base of attachment. The 
premaxillary bone hi some, ib. 22, is edentulous; in most it 
i^upports four small teeth; each maxillary bone, ib. 21, has a row 

' TIjc Coluber of Linnajiis ; an arboreal serpent of South Africa. 

Jourihin, in ccxiai. t. vi. p. ICO. 
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of larger ones, which gradually decrease in size aKS they arc placed 
further back. There are teeth of similar size and proportions in 
each prcmaiKlibular bone. These teeth are separated by intervals, 

260 
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from which other teeth, similar to those in jdace, have been 
detached. The base of each is anchylosed to a shallow alveolus, 
exleiidiug obliquely across the alveolar groove, of which the outer 
is liigher than tlie inner wall. 


The palatine teotli, il). 2i>, are as large as the maxillary, and 
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iJoof {>f the mouth of iho ItatMchuyko, showing the polsou- 
fstng?, 10, 1 1, .'iiid j.IrryKnlfl kyth, 9 . tvh. 


are si mi 1 a rly attach ed. 'ifl le 
pterygoid teeth, ib. sg 
which complete the inter- 
nal dental series on the 
roof of the mouth, are ol‘ 
smaller size, and gradually 
diminish as they recede 
backward. In the inter- 
sjiaces of the fixed ti*eth 
in both of these bones, the 
places of attachment of tlio 
shed teetli aia; always visi- 
ble ; so that the dental for- 
mula, if it iueluded tlie 
vacated with the occuj)ied 
sockets, would express a 
greater number of teeth 
than arc ever in place and 
use at the same time. 

The smaller non-veno- 
mous serpents, Coluhridoi^ 
e. g. have^two rows of teeth 
on the roof of the mouth, 
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extending along the palatines and pterygoids. The genus OH- 
ijodon appears to form the sole exception to this rule. In tlve 
Dnjinm a few small teeth are present on tlic ccto- 

pterygold as well as on the. pterygoid. 

In Dnjopkis, Dipms, and Bucephalus^ in which the maxillary 
teeth increasci in size towards the posterior part of the bone, the 
large terminal teeth of the scries are traversed along their anterior 
and convex side by a longitudinal groove. In the Bucephalus 
capensisy the two or three ])Ostcrior maxillary teeth present this 
structure, and arc much larger than the anterior teeth, or tliose of 
the |>alatinc and prcjnandibiilar scries. They add matei-Ially, 
therefore, to the power of retaining the prey, and may (conduct into 
the ^Vounds which th(3y Inflict an acritl saliva ; but they are not 
ill connection Avith the duct of an exjiress poison-gland. The 
long grooved liings arc either firmly fixed to the maxillary bones, 
or are slightly movealile, according to their period of growth. 
Tlu'.y arc concealed by a sheath of thick and soft gum, and their 
points are directed backward. The sheath always contains loose 
recumbent grooved teeth, ready to su(‘cced those in place. 

In most of the ( o/w/nv*, each maxillary and [iremaMdibidar bone 
includes iVom t wcvnty to twenty-five teeth, lliey are less numerous 
in the genera Tortrij: and Jlomalopsis, and are redueed to a still 
smaller number in the poisonous ser[)onts, in the typical genera 
of wlilch the shoj't maxillary 
hone siipjiorts only a single 
pcrfoi’ated fang. 

The maxillary, fig. 2()8, c, 
diminishes in length witli the 
decreasing numlier of* teeth 
which it sup[)orts : the ecto- 
pterygoid, dy elongates in the 
same ratio, so as to retain its 
positionas an abutment against 
the shortened maxillary ; and 
the miis(‘les imjibanted int«) 
the ectoptorygoid eoinmunicatc through it to the maxillary 
bone the liinge-like movements backward and forward upon the 
ginglymoid articulations (!onnecting that bone with the jirefrontal 
and palatine bones. As the fully developed poison-fangs are 
attached by the same firm basal anehylosis to maxillary sockets, 
wlfudi forms the characteristic mode of attachment of tlie simple 
or solid teetli, Jihcy necessarily follow all the moveiiujiits of the 
superior maxillary bone. When the external pterygoid is re- 
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tracted, the superior maxillary rotates backward, and the poison- 
ftuig is concealed in the lax mucous gum, Avitli its point turned 
backward, fig. 2(17, lo. AVhen the muscles draw forward the 
external pterygoid, the maxillary bone Is pushed forward, and the 
recumbent fang withdrawn from its concealment and erected. 

In tills power of changing the direction of a large tooth, so that 
it may not impede the passage of food through the mouth, wc may 
perceive an analogy between the viper and tluj IjOjihius ; but in 
the fish tlic movement is confined to the tooth alone, and is de- 
pendent on the mere physical ])ro|)erty of the elastic medium of 
attachment ; in the serpent the tooth has no independent motion, 
l>ut rotates with the jaw, whose movements are governed by 
muscular actions. In the fish the great teeth are erect, exceiit 
wdien pressed dow n by some extraneous force. In the serj>eiit 
the habitual position of the fang is the recumbent one, and its 
erection takes place only wdicn tlie envenomed blow is to be 
struck. 

A true idea of the structure of a poison-fang wdll be formed 
by sujuiosing the crown oi* a simple tooth, as that ol’ a boa, to 
be pressed flat, and its edges to be then bent towards each other, 
and soldered together so as to forma hollow cylinder, or rather 
cone, open at both ends. 1"he flattening of* the fang and ils 
inflection around the poison-duct commences immediately above 
the base, and the suture; of the inflected margins runs along the 
anterior and convex side ol* the recurved 1‘aiig, as showui in 
fig. 2()!), A : the poisoii-canal is thus in f*ront of tfic ])ulp-cavlty, as 
shown in the longitudinal section of’ (he fang, fig. 2G8, //, ainl 
fig. 269, B. The l»asal aperture of the poison-canal, ib. is obli<[UC, 
and its opposite outlet v' is still more so, presenting the form of a 
narrow elliptical longUudinal fissure, terminating at a short dis- 
tance; from the apex t^f tlic fang. In fig. 268, a line hair is rcjire- 
senteel as jiassing tli rough the peiisoii-canal by the duct of the fang. 

The secretion of the poison-gland is eamveyed to the basal aperture 
e>f the poison-canal of the fang. Wa may suppose, that as the 
analogous lacryinal and salivary glaruls in other animals arc most 
aeitive elurlng particular emotions, so the rage which stimulates the 
venom-snake to use its deadly weapon must he accompanied w^ith 
an increased secretion ani great distension of the poison-glands ; 
and as the action of the compressing muscles is conterniioraneous 
with the blow l)y which the serpent Inflicts tlie wound, the poison 
is at the same moment injected wdth force into the wound from 
tlie apical outlet (?f the [lerforated fang. 

The duct which conveys the poison, although it runs through 
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the centre of a great part of the tooth, is really on the outside of 
the tooth, the canal in which it is lodged and protected being 
formed by a longitudinal Inflection of the dentinal parictes of the 
pulp-cavity, fig. 270, c. This 269 

inflection connnences a little a b 

beyond the l)ase of the tooth, 

Avhere its nature is readily NAIjjl 

appreciated, as the i)oison- jmjSMy 

duct there rests in a s^light lil 'mitf 

groove or longitudinal inden- sM Imll 

tation on the convex side of /if c IJj 

the fang, fig. 209, a, U, v ; M \M 

as it j)rocecds it sinks dcei)cr 

into the substance of the IJw 

tooth, and the sides of the FM 

gnxjve meet and seem to 

coalesce, so that the trace of ^ 

the inflected fold ceases, in ^ 

, , . P<)j«on-faiJi.v. f'f A, VipiT ; n, r'nhriniii SL‘«ii<.«n) ; 

some species, to l)e [icixjcpti- o, nyiiupiii.^. v. 

ble to the naked eye ; and the fang appears, as it is C(nnmonly 
described, to be perforated by the duct of the poison-gland. In 
the Jlf/drophis the groove remains perinanenlly open, as in fig. 
209, c! 

From the jiositiou of the poison-canal it follows that the 
transverse section of the 

t(X)th varies in form in dif- “ ^ 

ierent parts of the tooth : at 


large pulp-cavity of a cor- 

h*oi/ns of "which extend into 
tlic sides of the dec]) cavity 

beyond this iiart the sec- ^ r ^ , 

tion of the tooth itself is 

crescentic, with the horns obtuse and in contact, so as to circum- 
scribe the poison-canal ; and along the whole of the middle four 






Section of polti on- f:\iur of 0>br{t, inncrTi. v. 
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sixths of the tooth, the section, of whicli a magnified view is given 
in fig, 270, shows the dentine of the fang inclosing the poison- 
canal, and having its own centi'c or pulp-canal, /?,/;, in the form 
of a crescentic fissure, situated close to the concave border of the 
inflected surlacc of tlie tooth. The [lulp-cavity disapjiears, and 
the poison-canal again resumes the form of a groove near the ayicx 
of the fiing, fig. 2f»9, A, n, t'', and terminates on the anterior surface 
in an elongated fissure. 

The venom-fangs of the vijicr, rattle-snake, and the ,Fcr-r/c- 
hince are coate<l only with a thin layei* of a subtranvSjiarent and 
minutely cellular cement. The disposition of tlie dentinal tubes 
is obedient to the general law of verticality to the external 
vsnrface of the tooth ; it is representetl as seen in the trans- 
verse section from the middle of the tiing in fig. 270. Since 
the inflected surface of the tooth can be oxyxiscd to no other 
pn'ssure than that of the turgcscent duet witli which it is 
in contact, the tul)(?s which ymicced to the ccnti’al snrtacc, 
wliile maintaining their normal relation of the right angle to 
it, are extremely short ; and the layer of dentine separating the 
poisou-tnbe from tlie ))nlp-cavity is ]>r()p(>rtionally thin. Tlie 
dentinal tidies that ra<Hatc from the opposite si<lo of the pul])- 
cavity to the exposed surface h of the tootli are disproportionately 
long. 

The teeth of Ophidians arc developed and completed in that 
part whlcli forms the original seat of the tooth-gerrns in all 
aniinals ; viz. the mucous membrane or gnm covering the alveolar 
border of the dentigerous hones. The jn lmitive dental papilla in 
the common harmless snake very soon sinks into the siihstanee of 
the gum, and becomes enclosed by a capsule. As soon as the 
deposition of the calcareous salts commences in the afiex of the 
papilla, the cajisule covering tliat jiart becomes ossified and 
adherent to the dentine, and the tooth begins to pierce and 
emerge from the gum before its mould, the pulp, is' lialf com- 
pleted. Fresh layers of cells are successively added to the base 
of the pul)), and converted, by their confluence and calcification, 
into the tubular dentine, until the full size of the tooth is 
attained, when its situation in the gum is gradually changed, 
and its base becomes anchyloscd to the shallow cavity of the 
alveolar surface ol* the bone. In the posterior j)art of the large 
mucous slieath of the poison-fang, the successors of this tooth 
arc always to be found in different stages of dcvelopomcnt ; 
the pid]> 3,t first a simple papilla, and when it has sunk into 
the gum the succeeding ])ortioii presents a depression along its 



TEETH OF llEPTILES. 


399 


Inferior surface, as it lies hoi’izoii tally, with the a])ex directed 
backward ; the caj)sule adheres to this inflected surface ef the 
pulp ; and the base of the groove of the loose groAving poivsoii- 
iang is brought into the same relation with the duct of the 
poison gland as tlie displaced fang, which has been severed from 
the duct. 

The existing s|)ecies of Lizards differ from those of Crocodiles 
in the aucliyloscd condition of the teetli, which present few modi- 
fications of importance : those that yield most fruit to pl»ysiology, 
and which have most expanded our ideas of the extent of the 
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resources of Nature and the exc<’|)tional deviations from Avliat 
was deemed the rule of structure in the Saurian dentition, 
have hcen discovered by the study of the fossil teeth of extinct 
furins of the ord<n\ Amongst these the most extraordinary are 
those called ^Dicynodouts,’* from their dentition being rediu^ed 
to one lon^ and large canine tooth on each side of the ujiper 
jaAv. These teeth recall, at first sight, the eharactcj- Avhich the 
long poison-fangs give, when erected, to the upper juAV of 
the Kattle snake. The alveolar border of the loAver jaAA^ and of 
the premaxillary part of the u])pcr jaAV is trcncliant, and seems 
to have been sheathed with horn. The maxillary, fig. 271, 
21, is excavated by a Avidc and deep alveolus, Avith a circular 
area, and lodges a long and strong, slightly curved, and sharp- 
pointed tusk, which projects about tAVO thirds of its length from 

* From diSf two, and the name given by Hippocrates to the canine Uicth, 

ftnd signifying the sa\nc idea as their common English denomination. 
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tlie open extremity of the socket; the two converging, as they 
descend along the outer side of the compressed syinpliysls of 
the lower jaAV. The tusk is principally composed of a body of 
compact unvascular dentine. The base is cxcaA^ated l)y a Avide 
conical ]>nlj)-cavity Avith the apex extending to about one half 
of the implanted part of the tusk, and a linear tract is continued 
along the centre of the solid part of the tusk. 

The enamel is thinner than in the teeth of the Crocodile. 
There is a trace of cement on the exterior of the sections of the 
implanted base of the tusks. Tn the lower jaAV, ib. 25, 2 a, the 
alveolar border of the dentary element presents a smooth and even 
edge, Avhich seems to have {)layed like a scissor-blade upon the 
inner side of the corresponding edontnluus border of the upper 
jaAV. In some Dicynodonts (^I\tjcliognatJLUs^ the symphysis was 
singularly ])rodiicc(l u])Avard. 

Until the dlscoAxny of the Tihynchosdurris^ and Omlcnodoif, this 
edentulous and horn-sheathed condition of the jaAVS Avas suiijiosed 
to be peculiar to tlie Chelonuui order among reptiles.'*^ In the 
Saurian Dicynodon Ave find, suporadde<I to the horn-clad man- 
dibles of the Tortoise, a pair of tusks, borrowed as it were from 
the mammalian class, or rather fureshadoAving a structure Avliich, 
ill the a(‘tual creation, is peculiar to certain members oi* the 
highest-organised av arm-blooded animals. 

In the other Keptilia, recent or extinct, which most nearly 
a])]>roach the Mammalia in the structure of their teeth, the dif- 
ference cliaracteristic of the inferior and cold-blooded class is 
manifested in the shape, and in the S3^stem of shedding and sne- 
cession, of the teeth: the base of the iinjilanted tooth seldom 
becomes consolidated, never contracted to a point, as in (he 
fangs of most mammalian teeth; and at all periods of growth 
one or more germs of teeth arc formed witliin or near the base 
of the tooth in use, j)re[)ared to succeed it, and progressing 
towards its displacement. The dental armature of the JaAvs is 
kept in serviceable order by uninterrupted change and succes- 
sion ; hut the matrix ol the individual tooth is soon exhausted, 
and the life of the tooth itself may be said to he comparatively 
short. 

The Dicynodonts not only manifest the higher type of free 
implantation of the base of the tooth in a deej) and coni|)lctc 
socket, common to Crocodiliaiis, Mcgalosaurs, and Thecodonts, 
but make an additional step towards the mammalian type ol 

* Transactions of the Cambridge Philosophical Society, vol. vii.*part iii. 
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tlcntitioTi, by maintaining tlie serviccal)le state of tlic tusk by 
virtue of constant renovation of the substance of one and tlu^ 
same matrix^ according to the princijde manifested in the long- 
lived and ever-growing tuslvj^ of the Walrus, and tlic scalprifonn 
incisors of the llodcntia. 

Naturalists have availed themselves of eliaracteristics of the 
dental system to arrange the genera of' the s([namate laicertians. 
Ill tlie first group, the teeth arc solid, or without any perma- 
nent internal cavity, and arc anchylosed by tlieir base to the 
alveolar groove, "fhe species wliich present this character are 
called ‘ Pleodonts.’ In the second group, tlic teeth are excavated, 
or retain the ])ulp-cavity, and arc less firmly fixed to the jaws, 
being applied vertically, like ]nlcs or hiittresses, jigainst the outer 
alveolar parapet, but not adhering by their base. This group is 
(tailed ‘ (vO'lodonts.’ 

The Monitor of South America {•l^njnnnmhis frf/fu.riu) is 
an example of the Plcodont group, in which the ])rcmaxillary 
teeth arc ten in number. The maxillary teeth vary from ten 
lo fifteen on each side, and increase in size as they are placed 
Tart her back : the hindmost teeth arc tricus[>id in young indi- 
viiluals, and ])resent the form of simple tubercles iu the old 
jMonitors, The mandibular teeth, fifteen to eigliteen iji number 
in each ramus, correspond in size and form witli those above. 
In the Cododont groiq), the ^ Sw^ift lizards’ {Tachjjdromus) have 
the [iterygoid bones armed with minute teeth. The teeth on both 
njipcr and lower jaws arc of’ larger size, and the hinder ones arc 
liicus])id. The true Lizards {.L(fcvrta) have two kinds of teeth 
tjnoafl form ; the anterior small, conical, and recurved ; the pos- 
terior larger, and hi- or tri-cusj)id. Some species have also 
])terygoid teeth ; as the common Ijiccrta (((jilla. 

In the glgJintic fossil Sca-iuonitor of IVIacslricht (^j\romsaurus) 
the teeth combine the ‘ Plcodont’ with the ‘ Acrodont ’ characters. 
All tlic teeth arc slightly recurved, and their ])cripheral surface 
is smooth : the crown is pyramidal, with tlie outer side noaily 
plane, oV slightly convex, and separated by tw’^o sliaq) ridges from 
the remaining surface, Avliich f’orms a hall’-cone. The larger teeth 
are Inijilanted u})on tlie premaxillary, maxillary, and ]>remandibular 
hones ; a series of similarly shaped but much smaller teetli are 
phured upon the pterygoid bones. 

Most of the smooth-scaled Lizards have small mouths and 
blender sharp teeth, fitted best for insect food; they arc usually 
confined to the upper and lower jaws ; but the medicinal Sciiik of 
ancient pharmacy offieinaHs) has four or five small obtuse 

VOT;. I. 1) D 
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teetJi upon each pterygoid bone. The chief exception to the 
typical dentition of tlie present family is made by the large 
sciiicoid lizards of Australia, which, on tliat account, have receiver 1 
the generic name of Ctfclodus^ The dentition of the Cyclodus 
ni(/roluteus is exoinpliHc^ in the lower jaw, fig. 272. In tlic upper 
jaw, the single premaxillary bone has depressions lor twelve teeth, 
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of which only the alternate ones arc usually in place ; they arc <4 
very small size, with the ja}ig compressed laterally, and tlu? erown 
antero-posterioiiy, so as to resemble a true incisor in form, the 
summit sloping to au edge from behind forwards, with tlie middlt^ 
of the cutting surface a little jwoduced. Eacli superio)* maxillai'v 
bone lias depressions for fourteen teeth; they quickly increase in 
size, and exeliange their conical for a siih-lumiispherieal crown : 
the eighth to the thirteenth inclusive arc the largest teeth; tiny 
are set obliquely, and pretty close together. In the lower jaw 
there are tw'o small incisors, at the anterior part of each ])ro~ 
mandibular hone corresjionding Avith those of the premaxillary ; 
tliese are succeeded by five or six conical teeth, and iho rest 
corresjiond in size and form Avith the tiiberculate nudars of the 
upper jaw. All the teeth are attached, after the Pleurodont tyjic, 
by their base and outer margin to shallow dejircssions on the 
outer side of tlie external alveolar ]»arapet. The germs of tlic 
succcssional teeth, c, fig. 272, are developed at tlie inner si<le ol’ the 
base of their predecessors, a, AvJiicli they excavate, undermine, 
and displace in tlie usual manmn*. 

Certain genera of the hiuanUm family of [wizards, o. g. IsHvru^^ 
Loplufrus, Cfjlotcs, and OtoorypUs, liave the teeth soldered, like 
those of Mosamurus^ to the sninmit of th(» alveolar ridge, an<l 
thence are called ^ Acrodonts:' in all these lizards the maxillarv 
and maiidibiilar teeth may be divided into anterior laniary and 
posterior inolary teeth. In other Tguanians the teeth arc lodged 
in a common shalloAv oliliquc alveolar groove, and arc soldered 
to excavations on the inner surface of tlie outer Avail of the 
groove; tliese are called VPleurodonts.’ Most of them possess 
pterygoid as Avell as maxillary teeth ; but thd folloAving genera, 
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Hyperanodon^ Tropldolepis^ Phrynosoma, and Callisaurm, are 
exceptions. 

In the Pleurodont Tguanians, the teeth never present the true 
laniary form ; and, if simply conical, as at the extremes of the 
maxillary scries, the cone is more or less*obtiise ; but, in general, 
it is expanded, more or less trilobate, or dentated along tlic mai'gin 
of the crown. The AndjlyrhyncUiis, ix, genus remarkable for the 
marine habits of at least one of the s])ccies (Awbli/rhyachus ater), 
whose diet is sea-weed, lias the tricuspid structure well developed 
in tlic iiosterior teeth. The ty])ical genus of the ])rcsent family 
of Saurians {lyunva tuhcrculatti) is cliaracterised by tJie crenate 
or dentated margin of the crown of the maxillary and premandi- 
biilar teeth, a few of the anterior small oiickS exce})tcd. Tlie ptery- 
goid teeth are arranged in two or three irregular rows, resemhling 
somewdiat the ^ dents en cardes’ of Fishes. In the full-grown 
Jyuana f.nhercnlata thcrci are from forty-seven to Ibrt) -nine teeth 
in l.)oth u})])er and lower jaws. Thci number is less in young 
subjects. The two I'ows of pterygoid teeth are in close order 
on each »side. In the horned Iguana {^Metopoceros corrnftns) there 
is a single row of small teeth implanted in each pterygoid bone, 
fig. 98 , D, 24. 

The teeth of the Tyiianodouy though resembling tliose of the 
Iguana, do not present an exact magnified image of them, but 
(lifter in the greater relative thickuess of the crown, its more 
(‘omplicated external surface, and in a modification of the internal 
structure, by which this huge herbivorous extinct lizard deviates 
from every other known rojitilc. 

As in the Iguana, the base of the tooth is elongated, contracted, 
and snbcylindrical; the crown expanded, and smoothly 
convex oil the inner side. AVlien first formed, it is 
aiamiinato, comjiressed, its slo|)ing sides serrate, and 
its external surface traversed bv a median longitn- 
dinal ridge, and coated by a layer of enamel ; but, 
heyond tills point, the dcscrijition of the tooth of the 
IguaModon indleates (diaracters peculiar to that genus. 

Three longitudinal ridges, jig. 27Jb traverse the outer 
??nrfiice of the crown, one on each side of the median 
priiuitive ridge ; these arc separated from each other, 
find from the serrated margins of the crown, by four 
'vide and smooth longitudinal grooves. In the upper ja^v the 
teeth are less curved, and are thicker transversely to tire jaw : 
the primary ridge, is much more prominent. The marginal ser- 
rations present, under a low magnifying power, the form of 

1) t> 2 
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transverse ruloes, tlicrnselves notched, so as to rcsoinlde the mam- 
millatcd iiiargins of‘ the unworn |)lat(*s of tlic elephant’s grinder. 
These ridges or dentations do not extend beyond the expanded 
part of the crown : tlu? lojigitudinal ridges are continued farther 
down, especially the median ones, whicli do not suliside till the 
fang of the tooth begins to assume its subcyllndrlcal form. 

At tlie (‘arlier stages ot* abrasion, a shar[) edge is mainlaiiied at 
the external part of the tooth by means of the enamel Avhi(‘1i 
covers, and is restricted to, that snrlaee of the crown. Tlui 
prominent ridges upon that surface give a sinuous contour to the 
middle t>f the eutting ('dge, whilst its sides are jagged by the 
lateral serrativms. The dentine next the enanud is hanler than 
the vaso-dentine ot' the oppxisite half of the crown. When tln^ 
crown is worn away beyond the enamel, it presents a broad ami 
nearly horizontal grinding surface, ami another dental snl)stanc(.‘ 
is brought into use to give an imM|nality to that surface; tins 
is the ossified remnant of the pulp, wliich, being firmer than 
the surrmmding dentine, forms a slight transverse ridge in thv. 
middle of the grinding snrlaee. The tooth in this stage Inis 
exchanged tlie functions ot' an incisor lor that oi’ a molar, and is 
prepared to give the final compression, or comminution, to tlic 
coarsely divided vegetabhi matters, such as might b(? afforded by 
the Clafliraricc and similar fossil plants, wliieli are found hiiriou 
Avith the Igiianodon. 

In the Crocodilian Monitor ( Vff/yfta/s htrliUfins) the large fixcil 
eom|)ressed teeth, of whii.di there may be about seven in each 
upper maxillary bone and six in each jireinandibular, are anehy- 
losed by tlie whole of tlicir base and by an ol)li([uc surface leading 
upwards on the outer side of tluj tooth to a slight dejiressioii on 
the alveolar surface. The liase of the toolli is finely striatixl, the 
lines being iirodiiced by infl(‘c.ted folds of the (‘xternal cement, as 
in the Ichthyosaur and Ivahyrinthodon, but they are short ami 
straight, as in those of the former genus. Hie great Varams, 
like the variegated species, manifests its affinity to the ( !roeodiIiaiis 
in tiie number of suc(H‘sslve teeth wliich arc in progress of groAvlIi 
to re[)lace (‘ach other; hut, from tlic ])osition in A\diich tlie genus 
of the siiccessioiial teeth are developed, the more advanced teeth 
ill this s])ecles, as in the Varauns varkyafus, do not exhibit the 
excavations that characterise the same parts of the teetli of tlic 
JCnallosaurs and Crocodiles. 

In some extinct Saurians, Avhich, in other parts of their organi- 
sation, adhere to the Lacertine division ol* the Oi’der, tin', teeth wore 
implanted in sockets, eitlier loosely or confluent with the bony Avails 
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of the cavity : these arc termed the ^ Thecodont ' Ijac.crtians : their 
dental character is seen in tlio oldest known of all Sanrians, viz. llie 
(^rrofj)rosaurus of the Tliuringian copper-slates), and the PalanH 
saurus of the doloinitic conii^lomerates ii(‘ar Bristol. The eojii- 
pressed Varanlan form of tooth, with trenchant and finely dentated 
margins, Avhich charaetxn’ised these an(*.ient Lizards, is continued 
in tlie comparatively more recent and^igantic species called Maja-- 
losaf/rtfsr. In this terrestrial carnivorous I\e))rile the teeth, wlien 
first ])rotruded above the gum, ])rescnted a double cutting edge of 
sinTated enamel; I lie position and line of action were nearly vertical, 
and, like the two-edged ])olnt of a sabre, the teeth cut equally on 
each sid(\ As the tootli advanced in growth it liecame (*urYed 
hackward, in ihe form of a |>runing-knife, and the edge oi* serrated 
enamel wns continued dow-nward to llie base of the inner and 
(•ntting side of the tooth, whilst on the outer side a similar edge 
descended but a short, distance from the point, and the convex 
portion of the tooth became blunt and thick, as the hack of a 
knife is made thick for the jnirpose of jirodncing stvcmgth. The 
strength of tlie tooth was lurther increased by tbe expansion of 
its side. ‘In a tooth thus formed ibr ciittiug along its concave 
edge, each movement of the jaw combined the |>ower of the knife 
and saw: wbil.st the a])ex, in making the first incision, acted like 
tin; two-edged jioint of a sabre. The backward eurvatni’c of the 
fidl-grown teeth enaliled them to roiain, like barhs, tbe prey 
wliich they liad penetrated. In these adaptations we see (‘on- 
trivanees which liiiinan Ingennity has also adopted in the prepara- 
tion of various instruments <d* art.’^ 

t<‘etli of the iMrf/f/hKSf/fir consist of* a central body of 
dentine, with an investment of enamel upon the crown, and of 
ecment over all, bnt thickest upon the fang. The marginal 
'Serrations are formed almost entirely by the enamel. The remains 
<d‘ the dentinal pul[) are eonverteil into a coarse bone in the euin- 
l>letely formed tooth. 

Ill most Pterodactyles the teeth are of one kind, few' and far 
apart, fig. Ill, wdtli long, slender, eom|>ressed, slightly recurved, 
pointed crowns; bnt some, from tbe more ancient secondary 
dejiosits, show, behind a few tfuitli of the above; prehensile 
character, a close-set row' of small lavic.et-sliajied teeth: such 
modiiicjition characterises the genus Dimorfilutdon. 

The teeth of the Ichthyosaur have a simple more or less 
•icutely conical form, with a long and, usually, exiiauded or 

' l^ufkland, Bridgewater Treatise, vol. i. p. 237. 
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ventricose base^ or implanted fang. They are confined to the 
premaxillary, maxillary, and premandibular bones, in which they 
are arranged in close series, and of nearly equal size. They 
consist of a l)ody of iinvascular dentine, invested at the ])ase by a 
thick layer of cement, and at the crown by a layer of enamel, 
which is itself covered by a very thin coat of cement ; the pulp- 
cavity is more or less occupied in fully formed teeth by a coarvse 
bone. The external surface of the tooth is marked by the longi- 
tudinal impressions and ridges, but the teeth vary both as to 
outward sculpturing and general form in the different species. ‘ 
The chief peculiarity of the dental system of the Ichthyosaur 
is the mode of the implantation of the teeth : instead of being 
anchylosed to the bottom and side of a continuous shallow groove, 
as ill most Lacertians, or implanted in distinct sockets, as in the 
Thecodon, Megalosaur, or Pterodactylc, they are lodged loosely 
in a long ami dee}) continuous furrow, and retained by slight 
ridges Let ween the teeth, along the sides and bottom of the 
furrow, and by the gum and organised membranes contiiuKMl into 
the groove and u])on the base of the teeth. The germs of tlic 
new teeth are developed at the inner side of the base of the 
old ones. 

Tlie best and most readily rccognisalile characters by which 
the existing Crocodilians are grouj)ed in appropriate genera are 
derived from modifications of the dental system. 

In the Caimans (genus Allujaiov) the teeth vary in number 
22 22 

from ■ to : the fourth tooth of the lower jaw, or 

18—18 22-22 ^ 

canine, is irr.dmd into a ravifi/ of tlie palatal surface of the uj>pcr 

jaw, where it is concealed when the mouth is shut. In old 

individuals the uf)})er jaw is perforated l)y these large inferior 

canines, and the fossie are converted into foramina. 

In the Crocodiles (genus Crocodihis) the first tooth In the lower 
jaw jierforates the }>alatal process of the premaxillary bone when 
the mouth is closed; the fourth tooth in the lower jaw is rerdved 
into a notch exxiavated in the side of the alveolar border of the 
uj>})f?r jaw, and is visible externally when the mouth is closed. 

In the two ])rcccdiiig genera the alveolar borders of the jaw 
have an uneven or wavy contour, and the teeth are of an unequal 
size. 

In the Gavials (genus Gavialis^ the teeth are nearly equal in 
size and similar in form in both jaws, and the first as well as the 


* V. pi. 7a. 
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fourth tooth in the lower jaw passes into a groove in the margin 
of the upper jaw when the mouth is closed. 

In the Alligators and Crocodiles the teeth are more unecpial in 
size, and less regular in arrangement, and more diversilied in 
form, than in the Gavials : witness the strong thick conical 
hiniaiy teeth as contrasted with the blunt maminillatc summits of 
ihe posterior teeth in the AHigator,^ig. 275. The teeth of the 
Gavial arc subequal, most of them present the form of a crown, 
shown in fig. 274, long, slender, pointed, subcompressed from 
Ixjfore backward, with a trenchant edge on the right and left 
sides, between whieh a few faint longitudinal ridges traverse the 
hasal part of the enamelled crown. 

In the black Alligator of ({iiiana the first fourteen teeth 
of tlie lower jaw are implanted in distinct scudvcts, the re- 
maining posterior teeth are lodged close to- 
gether ill a contiiuions groove, in which the 
(liA'isioiis for sockets are faintly indi(‘ated by 
vertical ridges, as in the jaws of the Ichthyo- 
saurs, A thin eonqiact floor of bone separates 
tliis groove, and the sockets anterior to it, IVoin 
the large cavity of the ramus of the jaw ; it Is 
pitM‘ced l)y bloodvessels for tlie supply of tlio 
pulps of the growing teeth and the vascular 
(lentiparous membraue which lines the alveolar 
cavities. 

The tooth-germ is developed from the mem- 
hrane ctivering the angle between the floor and 
the inner wall of the socket. Jt becomes in 
this situation completely envclojied by its cap- 
sule, and an enamel-organ is formed at tlie 
inma* surface of the capsule before the young 
tooth ])enetrates the interior of the pidp-cavi(y 
of its predecessor. 

The iiiatrix of the young growing tooth 



affects, by its pressure, the inner wall of* the 
soidict, as shown in fig. 275, and forms for itself 
a shallow recess: at the same time it attacks 
the side of the base of the contained tootli ; 
tiien, gaining a more extensive attachment by 


ri)nu;iti()U from om'.'iho- 
iiius of Mio (..JaviaJ : a is 
Uir leiM' juirily 
l>.v Nio lu'cssuro of tlio • 
liUi’i-osii.ujnl ioolli ; 
vvliiili is ngnroil r, t.ho 
p:iTni dl’ tin* uoxi tooth 
to ftillow. V. 


its basis and increased size, it penetrates the large pulp-cavity 


of the previously formed tooth, either by a circular or semi 


circidar perforation. The size of the calcified part of the 


tooth-matrix which has produced the corresponding absorption of 
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the previously lorincd tooth on the one side, and of the alveolar 

process on the other, is 
represented in the ex- 
]>oscd alveolus of fig. 
27o, tlic tooth a hav- 
ing iiecn displaced and 
turned round to show 
the effects of the stimu- 
lus of the pressure. The 
size of the [lerlo ration 
in the tooth, and of the 
depression in the jaw, 
proves them to have 
been, in great part, 
caused by the soft ma- 
trix, which must have 
jiroduccd its elfect not 
l)y mere mechanical 
force. The resistance 
of the wall of the pul])- 
cavily having Ix^en thus overcome, the growing tooth and its 
mati*ix r(?ce<le from the temporary alvc(dar (l(‘pression, and sink 
into the substance of the pulp contained in the cavity of the 
fully formed tooth. As the new tooth, il), c, grows, the pulp of the 
old one is removed; the ohl tooth itself is next attacked, and, 
the crown being undermiucd liy the absorption (d* tbo inner sur- 
face of its base, may be broken olf by a slight (‘xternal for<‘c, 
when the ])oint of the new tooth is exposed. The trail remains 
of the old tooth are sometimes lil*ted off* the socket nfion the 
crown of the new one, as in fig. 275, />, when they are speedily 
removed by the aethui of the jaws. 

No sooner lias the young tooth penetrated the interior of tlu^ 
old one than another germ begins to lie dcA eloped from the angle 
between the base of the young tooth and the inner alveolar 
process, or in the same relative position as that in which its 
immediate iiredeccssor began to rise, and the processes of succes- 
sion and displacement are carried on, uninterrnptedly, throughout 
the long life (d* these cold-blooded carnivorous Itcptilcs. 

From the jieriod of cx(*lusion from the egg, the teeth of the 
Crocodile succeed each other in the vertical direction ; none are 
added from bcliind forward, like the true molars in ilammalia. 
It follows, therefore, that the inimber of the teeth of the Cb’oco- 
dilc is as great wIicr It first secs the light as when it has acrpiired 


27o 
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its full size ; and, owing to tlie rapidity of tlic sueecssuni, the 
cavity at the base of the fully formed tooth is never consolidated. 

The fossil jas^s of the extinct Crocodilians demonstrate that the 
same law regulated the suecession of the teeth at the ancient 
e[)ochs when those highly organised lieptilcs j)re vailed in greatest, 
miinbervS, and under the most varied generic and sjieeific modifica- 
tions. Of these tlie most remarkably in reference to the dental 
system, is the (^ahoiiannis, in which the weil-niarked diflerenccs 
of size and sha|)e permit the division of tlie teeth, in both iqiper 
and lower jaws, into iiufisors, caniiuis, and molars. This is the 
nearest apiiroaeh to a mammalian type of dentition hitlicrto ob- 
served in the lleiitiHan class. ^ 

§72. Alimmfanj vamd of Fhlu^a, — The ca\ ity, commonly 
termed ^abdominal,' which lodges tlie main iiartofthe aliinentarv 
<*anal and its ajipendages, seems to occiijiy a snudhu’ proportion of 
the trunk in Fishes, fig. 276, /, //, /, than in Keptiles, fig. 292, 
(f i(\ by reason of the slight and gradual contraelion of the body 
heyond the vent to form the musenlar organ of the tail-fin : the 
greater and more abrupt (Huitraction of the answcralile part in 
Keptiles distinguishes it more plainly as the Mail’; the ‘trunk’ 
is usually a longer segment of the laxly than in Fislies. In these, 
however, the ahdominal cavity commences immediately behind the 
head: in most Rejitiles a ‘ neck’ intervenes. In Fishes a thoracic 
or pericardial cavity, fig, 276, o, is partitioned off (Vom the fore- 
part of the pro|)(*i* alidominal one ; and there are in tliis class 
oxeeptional examples of the shortest, alidoniinal cavity in pro- 
portion to the length of the hod 3^ known in the Vertebrate 
province, as e. g. in (if/innohi.s, fig. 2o2, in which the abdomen does 
not extend into the com]iartment, />, inneh beyond the vent, 
whi(‘h is seen near tlie angle of the cut integument, heneath the 
mandible. 

The <*avity containing the beginning of tlie alimentary canal is 
called the ‘ montb.’ This, in Fishes, is the eoniinon entry and 
vestibule to both the digestive, fig. 276, d to f/, and the resjn- 
ratoiy, lb. //, organs ; it is, tlicrelbre, of great capacity : and, as 
the transmission ol* the food to the vstomach and of the resjilratory 
(Uirrents to the gills is performed hy similar acts of deglutition, 
the bony arches wliich surround the mouth are not only large, 
hut arc comidicated by a meehanism for ri;gn1ating the transit 
of the nutritions and oxygenating media, each to its respective 
locality. The branciiial slits, in most Fislies, are provided with 


fcxxni. p. 58, pi. II. 
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denticles and sieve-like plates or processes, fig. 85, 03, to prevent 
the entry of food into the interspaces of the gills, and the branchial 


27G 



outlets are guarded by ^■alves which jcciprocally prevent the 
regurgitation of the respiratory streams back into the month. 

The necessary cooperation of the jaws with the hyoid arch iu 
the rhythmical movements of respiration is incomj)atil)le witli 
[irotracted maxillary mastication ; and, accordingly, the hrancliinl 
apparatus renders a com})ensatoiT return by giving up, as it were, 
the last pair of its arches to the comph^tiou of the work which, the 
proj^ev or anterior jaws were C(.unf)el!ed l)y their service's to re- 
spiration to leave unfinished: and thus the mouth of typical Fishes 
is closed at botli cuds by dentig’erous jaws.’ 

The first portal to the alimeiitary tract is usually formed by the 
upper and lower jaws, fig. 27G, a, h, and their teeth: the (lym- 
nodonts are so called on account of their conspicuous manifestation 
of this ehanicter, fig. 258. In most Irishes tlie jaws are covcj’cd 
by the skin, wliicli, in passing into tlio mouth, takes on llic 
eharacter of the mucous membrane. In some Fishes the integu- 
ment is folded before passing over the jaws, and the arched 
and fortified barrier is ])rcccded by a fosse inclosed by fleshy li|>s. 
The Wrasses (A^z/yr/V/fc), Mullets {Mufjilidat),, and the Carp-tribe 
{Cj/prinkhe) exemjdify this charai*ter. In Crenilahrus^ Chwrops, 
and/«&, the lips are plicated. In Mup'd laheosus the thick u])])cr 
lip has a transverse fold. In some Ci/pruiuUn the labial orga?is 
are developed to exe<iss, as, for example, in the genus thence 
termed Laheobarhus, in wliicli the lips are not only unusually thi<*k 
and fleshy, but the lower one is produced downward like a pointed 
beard : it forms a long cone in iMormpru.'f Peta'siL The labiatcd 
Fishes have not, however, so distinct a ‘sphincter oris’ as 

* The Mullers * take in a (juaiitity of sand and mud, and after having worked it 
for some time between the jdiaryngeal bones, they eject the roughest and indigestible 
portion of it/ CLXXiv/iii. p. 411. » 
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Mammals : nor does the skin, continued from the lip over the jaw, 
sliow so well the character of tlie Many Fishes, especially 

those of the Cyjn’Inoid, Mugiloid, and Siluroid families, have 
fleshy and sensitive lal)ial barbs or cirri ; those of the Siluroids 
l)eing supported by bony or gristly stems. Tentacles depend 
from the rostral prolongation of the Sturgeon, and from the man<- 
dibular symphysis of the Cod. The X^ejudosiren and Cod have 
fringed i)rocesses or filaments between tlie teeth and lips, wliich 
seem designed to assist In testing and selecting the food.* Tlie 
lips of most Sharks and Kays are partially si’pported liy hibial 
cartilages. 

The edentulous Sturgeon is compensated by a produced cartila- 
ginous snout, with which it upturns the mud in quest ol' food at 
the bottom of the rivers it frequents. The allied Spotularia^ in 
whii‘h a minutely sliagreeiied surface on the jaws represiuits the 
wliolc dental system, has bad the fonre of devclopement ol‘ subsi- 
diary organs of alimentation expended in the production of the 
still more remarkable rostrum, fig. 276, //, whieli is broad and flat, 
like the mandible of a spoonbill, and is more than half the length 
of the ei\tiro liody. (.)ther modifications and ai'tions of the mouth 
have been noticed in the description of Ihe jaws. 

The coiih'al lip of the suctorial Myxinoids, fig, 248, sends off’ 
trorn Its anterior expanded border six or eight long toutacula: this 
border is fringed by luimerous cirri in the Lam|)rcy, fig. 277, the 
inner surface of the lips is beset with short branched tentacles in 
the Ammocete : the I^ancelct has more simple, but bigbly vascular 
iutra-buccal processes, fig. 169, (j, //, and the vertically fissured 
ajiertiire of its mouth is provided on eacli side with a scries of 
long slender jointed and ciliated teiitacnla, ib. wbicli mainly 
tend, by the perpetual vortex they eause in the surrounding 
wat(‘r, to bring the auimalcular nutriment wiiliiu the grasp of the 
pharynx, ph, the orifice of wliich is also surrounded by vibratile 
cilia. There is uo tongue in this rudimentary fish : that organ is 
often absent or very small in the typical members of the Class; 
its basis, the glossohyal, when it projects at all into the mouth, as 
in fig. 276, c, is rarely covered by integuments so organised as to 
suggest their being endowed with the sense ot taste. In AnpuiU 
Udee the lingual membrane is raised by some adipose and muscular 

‘ Mr, Couch narrates an instance of a largo Cod, in good condition, taken on a 
line at Polperro, Cornwall, in which the orbits contained no eyeballs, but were covered 
'vitli an opake reticulaied skin. So that he felt convinced that ‘ eyes never had 
existed yet the fish was in good condition, and must have depended on the tactile 
organs about the mouth for the discovery of its food, xcviii. p. 72. 
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tissue. But the sini’ace of the prominent tongue is gouevally 
callous, and eitlier siuootli and devoid of papilhe, or, if the repre- 



Vr vl;i‘;i[ 'J i.t: i'tiMtf uhojiI', . V. 

sentatlves of*thes(‘ he present, they are calei(ie<l and the tongiu' is 
heset with teeth. It, tlien, seizes and passes the food on to tlui 
gnllet; bnt Ihe SNp})orting arch of the lo]ign(*, iig. (So, ;is- 4 e, works 
chiefly for respiratory purposes. In the Lamprey, the tongue, iig. 
277 , fL is more c.x<dnsively related to tlie digest iv(j limetion than 
In higher Fishes: It (‘an he ])rotruded and retrairted, like, a ])iston, 
wlien tlic sucker is attaelied to the ])r(:*y ; and it is armed by small 
serrate teetii i‘or tearing the flesh. In a tew Fish(!s the integu- 
ment of the palate presemts that degree of vascularity and supply 
of nerves which i7}dieate.s s(»nie selective sense, analogous to tast<\ 
In the (.’yprinoids tlie palate is cushioned with a thick vsoft 
vascular suhstance, exuding mnens l)v iiuuK'rous mirnito ])ores, 
hut more reniarkalde (or its irrltahh* (ueetlle or contractile 
property:^ if atiy part of this he |)ri(dved in a live Car]), the pari 
rises imm(.‘di:itcly into a (‘one, which slowly suhshh^-s ; this ])eculiar 
tissue is richly supplied hy hra’iehes of the glosso-pharvngeal 
nerves: it may assist in the n*(juisit(j movements of the vegetable 
food, as w»dl as add to it an aniinalising and solvent mnens, whilst 
it is undergoing mastiiaitiou hy the pliaryngeal teeth. In tlie 
Gymuotiis therii are four series of l)ran(-h(.*d fleshy processes in the 
moiith, one*, upon the dorsum of the tongue, a second depending 
from t}»o palate, ajid om^ along each side of the mouth. 

The only )‘i‘preseiilat iv('s of a saliNaiy system in Fislies are the 
mucous follicles that communicate with the mouth.'^ The chief of 

* xoix. 

- The reddish vascular body, discovered hy Uet/ius (exxi.) between tlic basi- 
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those, in file liamin-ey, open into ti pair of ineinbranous ponchos, 
which discharge the secretion each by a small orifice l;elow the 
side of the tongue. ‘ 

There are neither tonsils nor velum palati in Fislios : the folds 
of membrane belli nd the upper and lower jaws, of which ‘ internal 
lips' the Sword-fish and Dory alford good examples, Kseem intended 
to prevent the relhix of the respiratt>r}- streams of water rather 
than the escape of food from the tnoullt. In the Lepidosiren those 
folds or inmn* lips are papillose and glandular. That ot the 
u])per jaw in tlie Kay has a marginal fringe. 

In the ab(‘rrant and Phujlastond, at the two extremes 

of the class, in which there are niimeroiis braneliial apertures on 
each side, and the res])iratory s(n‘anis do not necessarily enter by 
the nnmth, th(‘ last pair of branchial arches are not motamor[)hosed 
into pharyngeal jaws, and the eniry to th(‘ gnlh't is sim|)ly con- 
stricted by a sj)liinet('r ; in t!u‘ Dcpidoslren it is lurther defended 
by a soft valvular fold like an <^]»iglottis.‘’ 

Hie alimenlary eanal is nsuaily short, simple, Imt eajiai'/ions, in 
Fishes; in a few instances, e.g. ///vo/cA/c.v^e;//^/ (lig. Ihl), yy//, 
]\Iyxinoids,^ Kxocelits^ it (‘xtends in almost a straight 

lino from the pharynx to the amis: but it is generally disposed in 
folds and sometimes in numerous eon volutions. In Dermoptcrl 

the stomach is hardlv defined: in the rest ol the class the alimen- 
tary canal is jirinnirily divided into a gastric and an intestinal 
portion liy the cunstri(‘1 ion called " pylorus,’ fig. 2.S 1 , c. 1'he gastric 
|‘oriion is siil>di\id(Ml into ‘ (esophagus,’ ib. n, and stomacli, ib. //, 
the boundary line being more commonly indicated by a eliange ol 
structure of the liiiiiig membrane than by a eardiai*. etuistriclion : 
the intestinal iiortion is subdivided into a ‘ smaU’ and a Marge 
intotine;’ the latter nsnally answering to the Mntestinum 
r(‘etum,’ and the Ixmiidary, wlien well defined, being a eonstrio 
tion and an internal valvular fold ; Imt vei‘y rarely marked by 
an external eieenm. From the (esojihagus the alimentary canal is 
situated wholly or in ])art in the abdominal cavity, to the walls of 
which it is usually siispcmdcd by mesogastric and mesenteric 
duplicatures of the iieritonoal lining nuaiibrane of the abdomen.-* 
When not wholly so situated, the ]>art extends beyond the peri- 
toneal region into the muscular mass ot the tail; a portion ol the 

branchiiils nnd the stcino-Iiyoid muscles iu Cariila<ririous Fishes, uiid wJiicli exists also 
in Gadus, Salmo, and some oilier Osseous Fishes, has been compared to a sublingual 
salivary gland: but it is a “ vaso-gauglion” like the thyroid. 

' ccxxiv. , xxxm. p. 34*2, tig.y 0. 

^ XXI. Neurologic, tab. iii. lig. 0. ‘ xxxiii. i)l. ‘i.'j. 
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intestine, for example, lies between tlie right inyocommata and 
the hajinal sjunes in the Sole. The peritoneal serous membrane, 
which defines the abdominal cavity, extends anteriorly to the 
pericardium, from winch it is separated by a double aponeurotic 
septum, fig. 27(), o: it is continued along the. back over the ventral 
surface of the kidneys and the air-bladder, when this exists, a little 
way beyond the anus, and is reflected upon the alimentary canal, 
ib. d, ?\ the liver, /, /, the spleen, n, the panci'eas, k, or its ctecal 
substitutes, tlie ovaria or testes, and the urinary bladder, if this be 
present. In many Fishes the peritoneum does not for-m a shut 
sac, but eoinmunieates with the external snrfa(*.e, l)y one orifice 
{^Ih'artfdiiostoimf, fig. KiD, o(L JA^pidosirau^ XXXlll. pi. 25, fig. 1, 
rt), or two (L!im})rey, Eel, Salmon, Sturgeon, Planirostra, 
Chimtera, and Plagiostoines, fig. o52, ;>), situated, except 

in the Lancelet, in or iiear the (doaca : the membrane in the 
neighbourhood of these orifices is beset with viliratile cilia.’ 
Tlie peritoneal orifices give exit to the generative products 
(milt or roe) in the Lancelet, Alyxinoids, Lampreys, Miirienidvc, 
and Salmonixhe, but not in the Lepidosiren and Plagiostoines. 
In the Myxinoids, Ainmocetes, Sturgeons, Cliimteric and Phi- 
giostomes, the peritoneum communicates also with the peri- 
cardium.'^ 

The jaws and mouth are suhservient in most Fishes to the 
respiratory as well as the digestive functions: in the Laneclet, 
tins community of offices extends through a great jiart of the 
alimentary canal, which is dilated into a capacious sac, and is 
riclily provided with branchial vessels and viliratile cilia arranged 
along transverse linear clefts, by whicli the water cscaiics into a 
surrounding cavity : (the arrow a extcmls from the ])harynx into 
the intestine in fig. Ifil) :) the (rso])luigeal portion of the alimen- 
tary canal is here seen to be longer than the whole gastri (5 and 
intestinal jiortions. In the Cyelostomcs lateral iliverticula are 
derived from the (csoplmgns and metamorphosed into special 
respiratory sacs, communicating by narrow canals liotli with the 
cesophagus and with the external surface, fig. 315,/, 7 /<, /i: in oilier 
‘■Fishes the respiratory apparatus is more concentrated and brought 
more for>vard, so as to communicate with tlie pliarynx, and to 
leave the (csopliagus free for the exclusive transmission of food to 
the stomach. 

The lesophagns, fig. 279, / is usually a short and wide funnel- 
shaped canal with a thick muscular coat and a smooth epithelial 


ccxxkiv. p. 360. 
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lining, more or less longitiulinally folded to admit of increased 
capacity for the deglutition of the often iinmasticated or undivided 
food. The muscular fibres are arranged in ditferent fasciculi, the 
outer ones being usually circular, the inner ones longitudi)ial. 
Some fasciculi from the abdominal vertebne are attached to the 
(csojdiagus in the Coitus scorpms,^ The cardiac half of the 
(csoplnigus is characterised by increr^iing width in most Cypriu-- 
/Wre, and by a more vascular or otherwise modified texture in 
the Pliari/nffoifuathi^ Tsopholyranrhii^ the (lobioids, lllennies, 
Flying-fish, Garfish, and some others. The inner surface of the 
(esophagus sends off short processes, papilliform in yye.rand Cccsio, 
obtuse ‘\\v Ad penser^^ hard and almost tootli-like in Rhonihus xau- 
thurus, i^tnnnatmis fiatola^ and Tdrayonuvus. llie imuu’ surface 
of tlu.' gullet presents longitudinal pa])illose ridges in Flanirostrn. 
But tin; most striking ])eculiarities of the a:‘SO|)hagus arc met with 
in the Flagiostom(‘s. A layer of grey' parenchymatous substance 
is interposed between the musendar and inner (‘(►ats at the cardiac 
half of the (X'sophagus in the Torpedo, Numorous ])Yramidal 
retjoverted processes, Jagged or fringed at their extremity, ])roj(‘ct 
from the inner suvllice of the <rsopliagns in the Dog-fish iRpiHa.v 
aconfhias);^ and some otlier Sharks, lig. 278, /?. In the great Basking 
vShark (SelocJu:) the homologous process(‘s near the cardia ae([nire 
unusual length, dividing and subdividing as they extend inwards, 
so that the cardiac opening is surrounded hy ramilied tufts directed 
towards the sloniacli,'* This valvular mechanism, fig. 278, would 
])r(*veut lh() return of siicli fishes or molhisks as may have been 
swallowed alive and uninjured by tbe small obtuse teeth of this 
great Shark. In many Osseous Fishes we may, linally, notice 
the comnuinication of the Shictus piieumati(*ns’ with tlie (eso- 
phagus, usually by a small simjde foramen ; hut provided Avith 
special muscles in the Lcpidcxstcus, Ayhcrc it oj^ems upon the 
dorsal aspect of the (rs<)|)hagus, and with a s])hincter and cartilage 
in the Poly ptcrus, and Lepidoslrcn, whore it comnuinicatcs like a 
true glottis Avith the ventral surface of the Ixyginuing of tbe 
(esopbagus. In tiui Globe-fishes {Dlodon, Tetrodon) the great 
air-sac seems to be a more direct develojicmeiit, as a cul de sac,, 
of the o.‘sophagus.‘^ These singular fishes blow themselves uj) 
by sAvalloAviiig the air, Avliicli escapes through a large anterior 
oblique orifice into the sac; and this again communicates Avith 

^ xcix. ^ -vx. vol. i. p. 12G, prep. no. 463. 

® Ib. prep. no. 664. ^ Ib. prep. no. 464. A, 

^ Ib. vol. iii. p. 2j;i, pi. 47, preps, nos. 209.3—2095. 



416 


ANATOMY OF VERTEJIRATFS. 


the forepart of the (esophagus by a second orific'.c much smalh^r 
than tlui first, and having a tumid valv ular margin. 

Tlie cardiac oi'ificc of the stomach is occasionally defined by a 
constriction, as in tlm I’lanirostra and Morinyriis, fig. 280: but 
an increased expansion with increased vascularity and a more 
deli(;atc epithelial lining of llic mucous membrane more usually 
indicate, in Fishes, the beginning of the digestive cavity. The 
stomach is a simple and (*0111100107 an ample cavity, with a 
groat disproportion in the diameters of the (Cardiac and pyloric 
orifices; in the Cornish Porbeagle-Shark, for example, the cardiac 
entry will readily admit a cJilhrs head, whilst the pyloric outlet 
will barely allow of the passage of a crow-cpillL 

There are two jn*edominant forms of tlie stomach in Fishes, viz. 
the ‘ siphonal ' and the ciccal.’ In the first it pn^seiits the form of 
a l)(3nt lube or canal, as in the Turbot, jig. 287, (/, />, Flounder, 
Sole, Cod, Haddock, Salmon, fig. 28(5, (/,/>, Carp,T(mch, Ide, Lump- 
fish, File-fish, Leiiidosteus, Sturgeon, Paddle-iisli, and most Plagio- 


27s 



stomes, fig. 278: in the second form the (cardiac division of the 
stomach terminates in a blind sac, and the short jiyloric jiortion is 
continued from its right side, as in the Perch, the Scorp:ena, the 
Gurnards, the Dull-heads, the Smelts, the Whiting, fig. 285, the 
Angler, the Pike, the Lucio[)erca, the Sword-fish, fig. 282, the 
Silurus, the Herring, the Sprat, fig. 288, the Pilchard, the 
Conger, the Murama, and the Polypterus, fig. 279. A transi- 
tional form, ill which the jiyloric cml is bent sd abruptly ii])on 
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tlic cardiac as to make the ciccal character of tlie latter doubtliil, 
is j)r(?sented by the sliort and capacious stomach of the ibirbol, the 
Bleiiny, and the Gyinnotiis. In the Mormyrus 
(he stomach presents the rare foim of a globular 
sac, iig. 280, e. In the siphonal stomach of the 
(hfprinidm and BalkfMie the pylorus is little if at 
all discerjiible, and (he transition into^jntestine is 
gi'adiial. In the Salmon the intestine is indicated 
by the pyloric ap})cndages, fig. 286, c\ in the 
Sharks there is a true pylorus, and in Selacfie, fig. 

278, an Interposed pouch. Where the cincal eha- 
ra(;tei* of the stomach is well marked, the lengtli of 
the blind end of the cardia varies considerably. 

In the Turbot it is wide and short, fig. 287, h: 
in the Sand-lance (Ammodjftes^ it is very large : in 
the lV)lypt(n’us, fig. 279, c, ( 'onger, and Sword- 
fish, fig. 282, it forms almost the whole of the 
elongated vstomach, the short pyloric portion, fig. 279, /’, being 
continued from near its commencement: in the equally elongated 
stomach of* the Pike, the [)yloric portion is continued from the 
cardiac sac at a little distance from its blind end; the Herring, 
Sprat, fig. 288, Whiting, fig. 285, (iiirnard, and Soorpavna show 
an intermediate position of the pyloric portion, and this is usually 
attcnde<l with ji shorter and wider form of the eardi.ac ciecinn, 
'^Ilie pyloric portion is usually slender, fig. 278, c, or oonieal, figs. 
28.7, 2rS7 ; hut it dilates into a wide sac in Sfrrf/tfs and Lophins ;• 
and t'onns a small oval pouch in lyaclu/pter/fs. 

In certain Fishes the stomach deviates from 
(‘itlier into tlie extreme of simjjlicity or the 
<-onv(n*se, without, however, attaining in any 
!^pe(‘ies that degree of complexity which 
characterises some of the highcr-oi*ganised 
ertelirates. A projicr gastric compartment of 
tlu; alimentary canal cannot be said to exist in 
the Lancelet : the long cieciim, fig. 109, A;/, /, 
continued from it just beyond the cardia, 

Ji)>pears to bo a sim])le form of livei'. In tbe higher Dmitopirriy 
as the Sand-prides, the Myxiiies, and the Lam|)reys, as also 
ui Cohitis and Lepidosiren, the stomach is continned straight 
from the crvsophagns to the intestine. F have found the capa- 
cious cardiac division of the stomacli of the Tjophins partially 
divided into two sacs; the unusually wide and sliort pyloric 
portion forming a third sac: there may also be observed a few 
vor.. I, K K 


the typical forms 
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obtuse processes from the inner side of the cardia in this fish. In 
the Gillaroo Trout the asceuding or pyloric lialf of tlie bent or 
siphonal stoinach has its inuscuhir parietes unusually thickcmcd, 
by Avhleli it is enabled to bruise the shells of the small fluviatile 
testaceans that abound in the streams to which this variety of 
trout is peculiar.* The pyloric portion (»f the stomach is very 
muscular in the Indian Whiling and in some s])ecics of 

Scomber: but tlie modilication whicdj gives tin? stomacli the true 
character of a gizzard is l)cst seen in the Mullets (d///Y//7). Tlu^ 
cardiac portion here forms a long (‘ul do sac ; the pyloric part is 
continued from the cardiac (md of this at riglit angles, and is of a 
conical figure externally ; but the cavity witliin is reduced almost 
to a linear fissure by the great developement of the. muscular 
parietes, Avhich are an inch thick at the base of the cauie ; and this 
partis lined by a thick horny epithelium.'^ In the Herring the ductus 
pneumaticus of the s\vim-l)ladder is continin'd from llie attenuated 
extrianity of the cardiac end of the stomach, lig, 281, h. In the 
Basking-sliark tlu* contra(!ted pyloric division of the stomach, tigs. 
278, c, and 284, /‘, c<»mnHtni(‘ates by a. naiaow a])ertni*e with ji 
second small rounded cavily, tig. 284, /*', which opens by a narrow 
pylorus into the sliort and cajnurious duodenum, Jig. 27(S*, /*, 284, //. 

Such are the observed extremes of the modifications of tlie 
stoinach in .Fish(?s, whiidi it will be seen, therefore, are far from 
according >vith or jiaralleling those of the dental systevm. Th(*re 
is often, indeed, no essential difteromre of form in the stomach of 
a fish with exclusively laniary teeth, e.g. the carnivorous Salmon, 
and in tliat of one with exclusively molar teeth, e.g. the herbi- 
vorous Carp. The /Ktol)atcs, whose teeth form a crushing 
pavement, has a stomach similar in shape and size to that in the 
common Hay, in which every tooth is conical and sharp-]K)inted. 

'fhe inner surface of the .stomach presents few modifications in 
Fishes: it is usually smooth ; rarely reticulate, as in the Gyiii- 
notus ; still more rai-ely papillose. The lining membrane is 
thrown into wavy longitudinal ruga^ in the cardiac |)ortion of 
the stonnudi of most Sharks, fig. 278. The gastric folfudcs arc 
conspicnons, espe<ually in the jtvloric portion of the stomach in 
many Fislies, as, c. g., the (Hirnards, Blennies, and Lump-suckers. 
The circular ])yloric valve is commonly well developed, and has 
sometimes a fimbriated margin. 41ic solvent power of the gastric 
secretion is con,s[)i(mon.sly exemplified in Fi.she.s : if a voracloirs 
species be captured after having swallowed its prey, the part lodged 
in the stomacli is usually found more or less dissolved, whilst 
* xoii. p. 1 20. XX. vol. j. p, 141, prep, no, .'502. 
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ihilt which is in the onsophagiis may l)e entire ; and, in specimens 
dissected some hours after death, one may observe what Hun ter 
so well describes, ^the digesting part of the stomach itself reduced 
to the same dissolved state as the digested part of* the food.’’ 

The muscular action of a fish’s stomach cgnsists of verinlciilar 
contractions, creeping slowly in continuous succession from the 
cardia to tlie pylorus; and impressing twof'old gyratory motion 
on the contents: so that, wliile some portions are proceeding to 
tlui i)ylorus, other ])ortions are I'cturning towards the cardia. 
More direct constrictive and dilative movements occur, with in- 
tervals of repose, at both the orifices, the vital contraction being 
antagonised by pressure t*rom within. The |>ylorns has the power, 
very evidently, of coiitrolling that pressure, and only |)ortions of 
eom}»let(dy comminuted and digested food ('chyme) ai'c permitted 
to pass into the intestiiKi. The cardiac orifice a|)p(‘ars to have less 
control over the contents of the stomach; coarser portions of the 
food from time to time return into the msophagus, and arc brought 
again within the sphere of the pharyngeal jaws, and suhjecte<l to 
their masticatory and comminuting operations. The Fishes which 
afford the best evidence of this ruminating action are the (^y- 
prinoids, ((.'arp, Tench, Bream,) caught after they have fed 
voraciously on tluj ground-bait previously laid in tlieir feeding 
haunts to insure the angler good sport. A Car)) in this }>rcdi(‘a- 
inent, laid open, shows well and long the peristaltic movements 
of the alimentary canal ; and the successive regurgitations of the 
gastric contents j)roduce actions of ihe pharyngeal jaws as the 
half-bruised grains come into contact with tliem, and excite the 
singular tumefaction and subsidence of tlie Irritable palate, as 
portions of the regurgitated food are pressed upon it. The 
shortness and wddth of the oesophagus, the masticatory me- 
chanism at its commencement, and its direct terminal con- 
tinuation with the cardiac portion of the stoma(‘h, relate to the 
coinhiniition of an act analogous to rumination, with the ordinary 
processes of digestion, in all Fishes possessing those concatenated 
and peculiar strn(*tures. Sometimes the Fishes, as, for examj)le, 
the Sturgeon, the Paddle-fish, the Dog-fish, and tlie Selache, 
whose msophagus is best organised to iirevent regurgitation from 
the stomach, arc devoid of the pharyngeal jaws and teeth. 

Fishes disgorge the shells and other indigestible parts of their 
food : and when hooked or netted, sometimes empty their stomach 
by an instinctive act of fear, or to facilitate escape by lightening 
their load. 

* * xcii. p. 120. 
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The intcsthial canal is sliortcr in Fishes generally than in the 
hi'rherVcrtehratcs: in the Dermoi)tcn,riagi()stonics, Ilelocephali, 
Sturlonidai, I’addlc-fisli, tig, 276, / to i, the Lepidosiren,' the 
Flving-fish, the Loach, tlie Garpike, the Wolf-fish, the Salmon, 
» 281 



Ahilixiiinril vl^iriTn. Iforritiir. t.-xvi. 


the; llorrniii:, fig. 281, and the apodal fislies, it is shorter tlian tlio 
body itself : in some of tl\c al)ovo-(‘ited examples the intestint' 
ext(;iids in a straight lim; from the pylorus to the aims, fig. 281. 

V, e, /'; ill most fislies it presents two or three folds ; the Snn-fisli 
{OrtlHff/orisrffs) alioiit six longitudinal onCvS : the intestine 

is siimous in the Sword-fish, fig. 2S2, r, /*; eoneentrl<.‘ally and 
subspirally wound in the Mullet, iu which the convolutions an; 
numerous and form a triangular mass ; and it is iu this fucivoroiis 
fish, ill the Chietodouts, and the Carp-tril)e, that the intestinal f 
eaiial attains its greatest length in the present class. 

With a few exceptions^ of which tin; 
Dermopteri and the Lepidosiren are 
examjdcs, the intestines are divideii 
into Lsniall,’ and Marge.’ The begin- 
ning of the small intestine, to which is 
arbitrarily given the name of ^ duod('“ 
nnm,’ fig. 278, /, fig. 281, e, c, is usually 
wid(‘r than tlic rest of that division 
of the eaiial : it receives tin; ducts o1 
the liver and pancreas ; and, in most 
Osseous Fishes, that of the ea;ca, fig. 
281, r/, which are usually tciTned, from 
their cornmuui(;ati()ii with, or dcvelopc- 
mcTit from, the cominencGmcnt of the 
small infestinc, ^ appendices pyloricie. 
The tcrini nation of the small intestine 
is commonly marked hy a eircular 
valve. Jii the Bojiiie- bream 



xxxin. |»1. 25, figs. 1 and 2. 
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vulf/aris) and tlie Flounder, there is a small cjecal process at 
the commonccmeiit of the large intestine ; tJiere arc two short 
c'.eo.a at the same j>art in Box Salpa,^ Tlic large intestine is 
usually short and straight in Fishes, answering to the veetnm 
of higlier animals, iig. 282, /;//. In some Fishes, e. g., Salino, 
Clupm, Esox^ Anahhpsy Auwrrhichas^ and the (iymnodonts, it 
preserves the same diameter as tlKT small intestine, and the 
term Marge’ heeomes arbitrary: in Gastxrosfeus, Cvniri.^ru.s, Ostm- 
cion, Ballates, and Sf/Hfjnatkiis, it is even narrower than the 
‘ smalt intestine ; ’ but most commonly it is wider, as in the 
Fercoid family, the (iurnards {TripUdai), the Breams (Sparldm), 
Sriivua, Scofidjir, Cottm^ Lahrus, G(/df/s, JAtphius, 

Ct/clopfcrus, the SilnruUc, the rinplostomi, and the rianlrostra, 
iig. 276, A. 

The tunics of the intestinal canal consist in Fishes, as in other 
Vertebrates, of the ])eritoneal or serous, the museular, and the 
nmcous coats, with tlveir int<n-vcning cellular connecting layers, 
and the epithelial lining; the imiscnlar and mncoiis coats are 
commonly thicker and of a coarser character than in the warm- 
})looded classes ; ])igmental eells are not uiifrecpiently developed 
in the serous coat; the opllliclial scales of the intestine of the 
Lancelet sn[)port \ibratile cilia. 

The muscular fibres are arranged in a thin outer longit udinal and 
a thick inner circular stratum (Sturg(*on ) ; ^ the elementary fibres 
in general jiresimt the smooth character ol* those of the involun- 
tary system ; but Reichert'^ has detected tlie transversely striated 
libre in the nuiscuhir tunic of the Avliolo tract of the intestine 
in the Tench. 

The mucous memln'ane presents numerous modillcations, some 
of them more complex and remarkable than in any of the higher 
Vertebrates. It is commonly thick and glandular, and always 
liigldy vascular. In the small intestines it presents, in some 
If ishes (Cod), * a smooth and even surface ; in some It is 
produced into ohrujiiely longitudinal or wavy folds; ’ in the 
Herring it presents feeble transverse rugic; in many Fislies it is 
rotlcnlatc, as in the AVolf-fish® and Mnrcc.na^'^ this character is 
l>rescnt in the j/ecuHarly tlilek and partMichymatoid mucous tunic 
of the small Intestine of the Sturgeon, where the larger meslies 
include irregular spaces, subdivided into smaller eells.^ In a few 
I'^lshes the mucous membrane Is coarsely villose or ])apillose. In 

‘ xxxiii. t. vi. j)]). t>24, 270. * xx. vol. i. p. 200, preps, nos. 0117, (>39. “ xciii. p. 2G. 

‘ XX. vol. i. j). 199, prej). no. C33. * Ib. Turbot, prep. no. G34, Salmon, pro]), no. 635. 

lb. prep. no. 630. ' Ib. prep. no. 031. Ib. prejj. no. 638. 
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Orthagoriscus it is both reticulate and villous, the villi being 
longest at the beginning of the canal. There is often a well- 
marked difference in the character of the lining membrane of the 
small and large intestines : thus, in the Salmon, the ruga*, become 
fewer, larger, and less oblique as they approach the rectum ; the 
commencement of this intestine is marked by a large transverse 
fold or circular valve, which is succeeded by several others less 
produced, and resembling the valvular conniventes in the human 
jejunum.' The straight ‘ large mtestine,’ which is relatively 
longer in tlie Amia, Polvjderus, Paddlc-fish, fig. 27fi,A, /, Sturgeon, 
and Chim.Tra*, is characterised by the continuity of such transverse 
folds as those in tlie Salmon, producing an uninteiTiiptcd KSjnral 
valve of the mucous membrane. In the Tie|)idosireu the entire 
tract of the straight and short intestine is traversed Ijy this pecu- 
liarly piscine extension of the inner coat.^ The sj)lral valve 
characterises the large mtestine, fig. 278, /r, in all the IMagiostomes, 
and establishes tlie essential ditfercnce between the short and 
apparently sim])le intestinal canal of these cartilaginous fishes, and 
that of the low-organised IMyxinoid species. 

Th(i true homologue of the small intestine is extremely short in 
the Plagiostomes ; it is narrow in the Kays, expandcMl and some- 
times sacciform, fig. 284,//, in the Sliarks, where it seems to l*onn 
the commonoement of tJie suddenly exjianded large intestine: 
this is straight, and tliougli constituting tlic chiel* extent of the 
intestinal canal, It is very short in proportion to the body ; not 
exceeding, fur example, one eight li of the entire length of the 
body in the or Fox-shark. The (?conomy of space in 

the abdominal cavity is, however, cllectcd at the ex|Hmse of th(3 
serous and muscular coats, not of the mucous membrane. Tlie 
required exlmit of secreting and absorbing sujierfiifics is gained 
by raising or drawing inw'artls, from the intestinal })arictes, the 
mucous membrane in a broad fold at the l)eginning of the large 
intestine, and contiiiiiing it in spiral volutions to near the anus. 
T['hc colls may be eitber longitudinal and wound vertically about 
the axis of the intestinal cylinder, or they may be transverse to 
that axis, la the first case, when the gut is slit open lengtiiwise, 
the whole extent of tlie I’old may lie uncoiled and sj)read out as a 
broad sheet; and, if tlie gut be divided transversely, the cut 
edges of the valve prcvsent a spiral disjiosition, UvS in fig. 283. 
Tlie longitudinal form ol* the siiiral valve may be seen in the 
sijualoid genera Carcliarias, Scoliodim^ Galcocerdo^ Thalassotdiinus, 
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and ZyffcmaJ In the sc(X)nd and more common modification, tlie 
fold of’ mucous membrane Is disf»osed in close 
transverse coils, as shown in the longitudiinil 
section of tlie Selaclnfs gut, fig. 284, h ; and a 
transverse section exposes only the flat surface of 
one of the coils. In the Fox- shark {Alojtifis 
Fz//y><'.s*) ; the valve describes thirty-luwr circuni- VMivf, ZjKifnia. 
gyrations within Seven inches’ extent of the 
intosline ; the mucous membrane is minutely honeycombed : a 
lew s(;attercd fibres of elastic or involiintaiy muscular tissue may 
bo traced in the vasculo-cellular 
layer included within the mucous 
fold, and they form a slender band 
within tlie free bordin* of the valve, 
retaining much elasticity in tluj (haul 
intcstiiK', and drawing that border 
into festoons. Jlesides Sclifche, fig. 

281:, //, and Afoyias^ the spiral valve, 
is transverscj in Gale if J.amna^ and 
all the Dog-lishes {SeijlJudat and 
Spuiacidie), Tlui t ruuk of the ‘ art ('ria 
ineseraica intestin;ilis,’ and that of 
the corresponding veins of the longi- 
tudinally convoluted valve, run along 
its (Vee thi<'k(’n(Ml border, and the 
vein quits its <‘ommenc.enient to join 
the vena portae: - the arterial and venous trunks of tlic trans- 
versely stviral valve arc external to the gut. 

One may connect the peculiarity of the spiral valve Avith the 
necessity for reducing the mass and weight of the abdominal 
contents in the active hlgli-swimming Sharks, which have no 
swim-bhuhicr : the e.‘=isential part of' an intestine Ix'.ing its seiavrii- 
ing and absorbing surface, we see in them thi; requisite extent of 
the vasculo-mueoiis membrane packed iii the smallest com|)ass, and 
assoeiateil witli the least ])ossiblc quantity of' accessory muscular 
and serous tunics, by the modifications above described. Analogous 
ones exist, however, in other l^lagiostomes, and in the Lamprey, 
to wdrieli the above |)hysiologieal explanation will not apply ; and 
the spiral valve is associated with the air-bladder in some of the 
higlily organised (lanoids, and in the Lcj/idosiren. Nevertheless, 

' XLvi. t, iv. p. 314 ; t. xevi. p. 277, pi. 2 aiul 3. See also, xx. prep. no. 045 ; 
probably from Scnlmion, 

" J)iivcj*noy, xcviii. p. 274, pi. 10. 
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it is to he remarked that the intestinal canal is shortest, and 
the spiral valve most complex and extensive, in the Sharks. 
In both these and the Rays, the valve subsides at a short distance 
from the ailiis; and into tlie back part of this terminal ])()rtion ol* 
the rectum an elongated ca^cal process with a glandular inner 
surtace 0 ])ens fig. /. The anus itself communicates with the 
fore part of a large cloacal cavity in the Plagiostomcs. In other 
Fishes, Avherc it opens distiiictly upon or near the external surface, 
it is anterior in position to the orifices of oviducts, or s|)erm“ 
ducts, fig. 281,^/*, and of the uterus or urinary bladder; the 
Le|)idosin*n has the peculiarly ichthyic arrangement of the anal, 
genital, and urinal outlets.^ 

In the .Dermoptcri the intestinal canal is rather closely attached 
to the back of the abdomen, though the primitively contlimous 
mesenteric fold becomes reduced in the Lamj>revs to filamentary 
r)rocesses accompanying the inesontcric vessels. A similar reduc- 
tion of the mesentery to detached memhranous bands occurs in 
the >Syngnathi and Cyprinida',. The mesentery is entire in the. 
Le])i(losircii, the Rlagiostomes, and many other Fishes: it is 
usually single and continuous from the stomach to the end of the 
intestine; there are two parallel mesogastries in the Kel, and a 
kind of omental accuinulatiou of adipose matter is sometimes 
found along the ventral surface of the intestines; a second mesen- 
tery is continued from this part of the intestine to the ventral 
])arietcs of the abdomen in the Murjena, 

The position of the cloacal outlet varies much in Fishes: in 
some of the jugular si)eeies it folloWvS the ventral fins to the 
region of the throat; and in the a])odal (lymnotus, fig. 2112, it is 
placed so far forward as to remind us of the position <d’ the 
excretory outlet in the Ce]>halo[)ods. It is beneath the jxictorals 
in the Ambh/opsU iipelmm i but the more normal ])osterior ])ositinn 
of the vent o))tains in most abdominal and all cartilaginous 
Fishes. 

Petrified fa3ccs or coprolites’ give sor)ie insight into the struC' 
turc of the intestinal canal in extinct species of Pishes: some 
that have been found in the skeleton of the abdomen of the 
great Maentpoma of the Kentish Chalk, and detached coprolites 
asso<*iated with the scales and bones of the more ancient 
Me^aliclitlujay indicate l)y their exterior spiral grooves that these 


’ xxxiii. pi. 25, 1, wi, w, 0 , /. The Bnuicluostoma offers no exception to this 

rule ; the opening by which tlic ova and .scnicu are expelled is*a coinmon peritoneal 
outlet. 
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iinciciit Ganoids, like tlielr modern representative, the Fohipterifs^ 
])ossesscd the spiral valve. 

§ 73. Liver of Fishrs, — The liver makes Its first appearance 
ill the lowest vertebrated, as In the lowest articulated, species, 
niulci* the form of a siiujile cieeal jiroduction from the common 
alimentary canal. Commencing' in the Lancelet, fig. Ifil), /n/, 
a little beyond the orifice pj/, the^ hepatic caecum, /, extends 
forward from its place of cominunication with the canal //, and 
tei*minates in a blind end. Jn the Myxinolds the liver, as in 
all higher Fishes, fig. 282, //, is a well-defined conglomerate, or 
acinous, parenchymatoid organ, with a portal and an arterial 
circulation, Avith hepatic ducts, and generally a gall-bladder and 
cystic diK't, ib. e, by which the bile is conveyed to the diiodemiin, 
trom which the stomach is divided by a pyloric valvular ori- 
fice. * 

Tlio texture of the liver is soft and laecrable ; its colour usually 
lighter than in higher Vertebrates, being whitish in the Ijophius, 
and in many other Fishes of a yellowish grey or yellowish Ivrown: 
it is, liowcver, I’eddish in the Jlrcam, of a briglit red in the 
llnhcentrHm orieofa/vy orange in llolocrntnun hastatam^ yellow iti 
Alherina prrs/Mjtrry green in Fvlromyzon marinusy reddish l;>rown 
in the Tiimiy, dark brown in the Ijcpidosinm, almost black in 
the Faddlc-lish. in the Silurhlxa a porthm of the liver, usually 
fonning a middle lobe, tlrinrier than the rest and of a lighter 
colour, has been (lescvibcd as the ‘pancreas:’ it 1ms a distinct 
duct, opening near that of the ductus choledoclnis. In most Fishes 
the liver is remarkahlc for the quaiititv of fine oil in its sul>stajice, 
under which form almost the wliole of the adipose matter is thei*e 
concentrated in tlio Cod tribe, the Kays, and the Sharks.*^ Fishes 
which, like the Salmon and Wolf-fish, have oil more diftused 
througli the body, have comparatively little oil in the liver. 

Tin; liver is generally oF large pro[)ortional size : it is attaclied at 
the fore-part of the abdomen to the aponeurotic wall partitioning 
oif the ])ericardium, fig. 276, /, and extends backward, with a 
few exceptions, furtlicr on the left than on the right side: in tlic 
(kirp, the Jiream, and the Stickleback, the right lobe is long(\st. 
Its shape A'aries Avith that of the body or of the alxlominal cavity ; 
it is l)roa(lest, for example, in the Kays, longest in the Eels ; not, 

^ 'Phe liieam is the only fish in which I have found tlic cystic duct terminating 
directly in the stomach. 

The myriads of Dog-fish captured and commonly n^cctcd on our coasts show 
that the tisherinon lAive not yet taken full advantage of this aiiatoniical fact, which 
iJxposcs to them an abundant source of a pure and valuublc oil. 
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however, elongated in the Oymnotns, In which apodal fish, by 
reason of the peculiar aggregation of the organs of vegetative 
life in the region of tlie head, the liver is divided into two short 
and broad lobes connected by a transverse lobule. The liver 
consists of one lobe in most Sal monoid and Lucioid Fishes, in 
the (Jymnodonts and Loiihobranchs, in th(^ Mullets, Loaches, 
and liiillheads. It is long and simple in the I^amprey and 
Lepidosiren ; long and bilobed in the Conger. The Luinp-fish 
has a lobulus besides tlic chief lobe, wliicli is round and flat. 
There is a short thick convex lobe to the right of the long left, 
lobe in the Lopliius. In many Fishes the two lobes arc sube(|nal ; 
they are rarely <juitc distinct, as in the Alyxinoids ; hnt commonly 
confluent at their base, as in tlie Wolf-tish, or connected by a 
short transverse jiortion, as in most Hluirks, the Siluroids, the 
Pol} pterus, the Dory, the Coryphene, tlio Cluetodonts, and tlic 
Cod tribe. In the \^dlitillg the two chief’ lobes extend tlic whole 
length of the abdomen; in the Shark about half the length, 
fig. o 52 , h (in whieh tlic left lobe is cut away). '^I'lie liver is 
trilobed in the Corvina, the Clujieoid, and the Cy]iriuoi(l i^islies: 
in many of the latter family it almost com,H?als tlie eoiivoliited 
intestinal canal. The broad and flat liver of’ tlie Raiidjc is tri- 
lobed. The liver is much subdivided in tlie Sandlaiu'.e and in 
the Tunny, in which latter fish it i)res(?nts remarkable infiditica- 
tions of the vascular system.^ There arc few well-established 
exceptions to the general rule of the presence of a. gall-liladdor 
in tlie class of Fishes. My dissections confirm the statement of 
its alisence in the Lump-fish by (Tivier^ and Wagner.'* Cuvier 
did not detect a gall-bladder in hates nUotlcas^ lluloeentrum tiof/ho^ 
Sphf/rema Barracuda ^ Trhfla ///m, Tr'ajUi cucvlas^ Corrina denfe^r, 
Glpphisodon sa:mtilis, hepidopus arpenteas^ Lfdrrns turdus^ Ammo- 
df/tes, find Judii/ieis remora. The gall-bladder is wanting in the 
Ainmocete and Lamprey, but exist*s in the Myxinoids; it is absent 
in Pristis^ Zypeena^ and Helaehc^ hut is jiresent in (ilaleas^ and 
others of the Shark trilx?. The rich series of observations 
recorded by Cuvier * and bis able Editors"’ on the gall-bladder 
and gall-dncts in Fislics have not afforded a clue to the law of 
the develo[)emcnt of the siiccial receptacle of the biliary secretion 
in Fishes. The pouch in which the aggregated lu^jiatic ducts 
terminate in the Selachc maxima may compensate for the absence 
of the gall-liladder in that Shark; these duets are enclosed in a 
broad flat band of dense cellular tissue, fig. 284 , /, which passe^s 

* cm. 

^ xxiii. passim. 


- XII. f. iv. p. .'551. ^ ® XL VI I. 

^ xii. t. iv. pt. ii. p. 559-509. 
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obliquely down in front of the stomach as far as the duodenum, 
when each of the ducts opens by a separate oblique orifice into a 
coinmon cavity, ib. m, of an oval form, communicating with the 
duodenum l)y a single opening. 

The gall-bladder is usually situated towards the fore-part of 
the liver, and attached to the right lobe when this exists, as in 
fig, 270, rn. In some Cyprinoids and Kays, and in the Sturgeon, 
it is imbedded in the substance of the liver. In many Chictotlonts 
and Salmonoids, in the Sword-fish, fig. 282, c, in the Kel and the 
Munena, it hangs freely at some distance from the liver. 1 found 
the gall-bhulder three inches from the liver in a Lophiiis of two 
feet in length. The size of the gall-bladder varies in difierent 
Fishes ; it is very small in moat Kays : in Osseous Fishes it 
usually bears a direet relation to that of the liver Itself. It Is 
piriform in the Lophius, Mullet, Sea-perch {St’bnstcs)^ Pike, 
Sturgeon, Planirostra, and jnost other Fishes: it is subs])herjcal 
in the (ircy-shark ( 6V//c//.v), and in the Wolf-fish: it is like a 
long-neeked ilask in Foh/])tcrn)i \ is bent like a retort in Xiphias, 
ib. r: and is reinarkably long and slender in Scuona, Upmeus^ 
iMtes nohUU,^n{\ in the Bonito, the Tunny, and other Scombridm* 
The bile is sometimes conveyed to the gall-bladdci*, fig. 291, c, by 
hcpato-cystic ducts, ib. </, r/, and thence by a cystic duct, ib. c, into 
the duodenum (Wolf-fish, Erythrimis, Lepidosireii) : or it passes at 
once to the intestine l)y a single hepatic duct, formed by the union 
of several branches from the liver (^Zjfijccna^ where the duct is very 
h)ug) : or by two hepatic ducts opening separately into the intestine, 
as in Prhth : or an lu'patic duct from the left lobe joins a cystic duct 
from the blad<ler, receiving the gall from the right lobe, and the 
secretion is conveyed l^y a ‘ ductus communis choledochus ’ into the 
duodenum, as iu Plmelodus : or the bile is conveyed to the duode- 
num partly by a cystic duct and partly by a distinct hepatic duct 
as iu the Salmon, in which the latter dilates before it terminates. 
In the Lo])hius three b(q)alic ducts join the very long cystic, which 
<lnct vsometimes dilates where it receives them. In the Sword- 
fish three or four hepatic ducts commimicatc with the cystki, 
to form the ductus communis, fig. 282, b. In the Turbot there 
are more numerous he];)atic duets, some of which communicate 
with different parts of the cystic duct, and four open into the 
dilated termination of the ductus communis.^ In the Gcdeus the 
cystic duct runs some way through the substance of the liver, and 
5>ometiincs between the tunics of the pyloric canal of the stomach. 
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before it enters llie eonimcncciiicnt of the wide intestine, near the 
beginning of the spiral valve. The gall-duct in the Stui'geon and 
Planirostra terminates at a greater distance above the valvidar 
intestine. The ordinary ])osition of the entry of the bile into the 
aliineiitary canal in Osseous Fisluvs is at the connnenceinent ol the 
small intestine near the pylorus. The terminal ])art of the galh 
duct is usually slightly ex])anded, fig. 291, c, and its orifice is often 
supported on a papilla, as in the Sturgeon, the Skate, and the 
Lahrax lupus, 

§ 74. Pfjloric AppnuhfCjvs and Panrrvas nf Fishes,- \\i most 



Osseous Fishes the intestine 
buds out at its commencemcjit 
ijito long and slender pouches, 
or cieca, fig. 2S1, //, into which 
it ai>|»ears that the food does 
not enter, and which, there- 
fore, increase the direct secre- 
ting surface of the- aliinentary 
tract, over and above the ex- 
tent of the mechanism fi)r 
peiinding and propelling the 
(*hymc, or of the vascular sur- 
face which sele<its and absorbs 
the chyle. l>y a very gradual 
scries of changes of these oiecal 
ju'oeesses, within the limits of 
tlie class of Fislies, they be- 
come mass(Ml into a body, fig. 
2S2, r/, like the congloimn’ate 
gland, called ‘ pancreas’ in Man. 
The vsccrction of the rudinieii- 
tal representatives of this gland 
is so like tlie fluid which the 
ordinary mucous surface ol the 
intestine eliminates and sets 
free from its (‘apillary system, 
that conditions of the ordinary 
alimentary tract exist in some 
Fishes which render needless 


AIl»ioin.ary raij.il nf I Ih- W liiiliic' /■<!/#/»#?•; -j, dc VClopCllient of thc SpC- 

t^howin,!? Iho I'ile nf ( j f.-it iiroiiiHl r,i«- lij loni'. » ^:xx.\ r. . , ^ rpi 

cial accessory surfaces, inc 
Dennoptcid sliow no tra(*e of jianereas; tlieirtwhole digestive 
canal is simi>]c: the organisation for which tliat canal is thc 




430 


ANATOMY OF VERTEBRATES. 


of the duodenum of the Eel, for examjde) of tlie oi’dinary tract 
of the alimentary canal, render unnecessary the presence of a 


287 



the percoid Popes {Acerina)^ the A? 
IVom four to nine cicca in the genus 

288 



pancreas. Thus there Is 
no caical production of the 
duodenum in the Ambas- 
sls, Wolf-fish, Warty Agrio- 
pe, nor in most Ijabroids, 
Cyprinoids, Lucioids, Silur- 
oids, noi’ in tlic apodal Malar- 
rophfri^ nor in tlie Loplio- 
bra nchs and Plcctognats ; nor 
in the genera A7itenuariu.s, 
MaU/uais, and Batrachus. 
Tlie pancreas is represented 
by a single pyloric caecum 
in the Sandlarice and Poly- 
pterus, fig. 279, k : by two 
cjcca in most Lahyrintlii- 
branohs, in many species of 
Amphi]>rion, in theLophins, 
the Turbot, fig. 287, and 
the Mormyrus, fig. 280, 
by tJiree cieca in the Perch, 
iprodcs, and Diploprions : of 
Cotfus: of iroui five to nine 
emea in the genus Trif/In: 
of vsix cncca and upwards in 
Scorpeenn and llolocerdnun : 
of nine cieca in the S[)rat, 
lig. 288 : and so on, increas- 
ing to a numerous group of 
pendent pyloric pouches, as 
Ave find in the Scoml)croids, 
Cha".tO(lontH, Gadoids, fig. 
28o, Ilalecoids, fig. 286, 
Cyclopterus, and Lepidos- 
t(jus, T1 1 e re i s a d i tter ence, 
however, Avorthy of note, in 
tlie mode and extent of at- 
tachment of these numerous 


cfcca: in the Salmon, fig. 286, Herring, fig, 281, d. Sprat, fig. 
288, and Haddock, they rank almost in a line along the Avholc 
duodenum : in the Gyinnotus, Lumpfish, and Whiting, fig. 
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285, they form a circular cluster around the distal side of tlie 
jiylorus. Kven In the lonjifitudinally arranged ca;ca the prhici])le 
of coucentratiori daAvns ; thus the fifty pan- 
creatic cieca of tlie Pilchard communicate 
with the duodenum hy thirty orifices : hut 
tlie fii’ty attenuated terminal blind sacs in 
the pancreas of the Lump-fish unite, r^junite, 
and discharge tlunr secretion by a circle 
of six orifices around the duodenal side of 
the pyloric valve. In the Tunny a more 
sulxlivided hunch of pancreatic ca3ca cm|)ty 
themselves hy five orifices: in the Whiting about one hundred 
and twenty perii>heral cax’a progressively unite into four groiqis 
or bunches, fig. 289, communicating, each by a single duct, with 
the duodenum : in the Sworxl-fish, fig, 282, f/, a more compact 
gland-like mass pours ils secretion into the gut by two orifices, e: 
and, finally, in the Sturgeon and Paddle-fish, fig. 276, /e, by a 
singhj opening of what now becomes the short and wide duct of 
the gland. The interjiosition of cellular tissue binding together 
longer, more slender, and more ramific<l ca^ca, witii a concomitant 
increase of the vascuhir supply, and a common coyering or 
capsule, finally converts the accessory intestinal growths ijito a 
parenchymatous conglomerate gland, as we see in the Sword-lisli, 
fSliirgeoii, llolooe|)hali, and IMagiostomcs ; tlie papillilbrm ter- 
mination of the duct of such a pancreas is shown In tlie Selache, 
at fig. 284, /. It sometimes exceeds the liver in weight. 

The existence of this developed form of secreting organ, over 
and al)Ove the spiral intestinal valve, may relate to the high 
organisation of these ('artilagmuiis Pishes, and to the great 
devciopenumt of the organs ol‘ locomotion, occasioning the neces- 
sity for rajiid and complete digestion. r>nt if we comjiare the 
fiuv existing species of heavily laden Ganoid fishes, we shall 
again find gooil evidence of the compensation for a pancreas by 
the extension of tlie intestinal mneous membrane within the 
canal, the circumstances calling for a more com])Iote develo])ciuent 
of the digestive system in the jiredatory Sharks and large- 
finned Hays not being present. Thus the Polypteriis, which has 
a spiral intestinal valve, has only one short pylori(i otecum, 
fig. 279, A; whilst the Lepidosteus, which lias no spiral valve, 
has a compact gron[) of above a hundred small ca3(.*a, which unite 
and reunite to comuuinicate by a few apertures witli the com- 
mencement of the duodenvm. 

The inner or hiucoiis surface of the pyloric caica is laminated 
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income Fishes: in others it is villous, with orifices of crypts at the 
hasal intervals of the tlattencd villi: in tlie lleiTing, fig. 290, tlu^ 
surface is iniiuitely honcycoinhed ; the cells or cry[)ts being about 
of an inch in diameter, and each is filled with a mass of 
epithelial cells, as seen in the section B, fig. 290. The basis of 
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Ci\vjil3«if i).vl"rli‘ llrtTiuj;. n’.vxxf. CiiiirrcJis '/,> fif ;i Floiiiidi-i’. ccwxir, 

the evypts is hbroun uim |(u>ji:>;ib w;i>vv(.;uii uiiu (iiu:ii iieyoiui lin; 
level of their oi>ciiiiigs. I'he masses of epithelium resemble one 
of the stages of the contents of tiic ultimate follicles of the 
panereatio ac-imis of a Mammal, 'flic relation, however, of the 
pyloric appendages of the h'ish to that of tlie iKmcrcatic gland of 
the higher Vertelwates may be Imt one of analogy. 

'I'here is a minute, l)ut more constant glandular l)ody jwesent 
both in fishes which jiossess {Salmo, Gadiix, Vemi) and those 
that do not possess {^I’lutiussa, Below, Bramn, e.g.j the pylorit; 
Cioea. It is too small, fig. 291, _/; for the performance of the pan- 
creatic function in digestion ; b\it tlie contiguity of the terminal 
dilatation of the duct, ib. r/, with that of tlie ductus cholcdochiis, 
ib. e, and of their respective openings into the dnodennm, suggests 
that this glandule may be the rudimental liomologue of the 
pancreas oC air-brcatliing Vertebrates. 

In the Lcpidosireii the body imbedded between the muscular 
and serous coats of the stomach, and referred to as probably 
splenic incxiA'. p. 2( 1, sends its secretion by ducts converging 
to one canal which opens beyond the pylonis, close to the oHfico 
of the hepatic duct.' 

. ‘ According to l•cxx^-m. p. la, * 
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§ 75. Alimentary canal of Bcptilest. The cavity contain ln<»', as 
in Fislies, tlie alinientaiy 
canal, with the kidney s and 


principal organs of gene- 
ration, also lodges in Re])- 
tiles, lig. 292, the heart, 

/», c, and lungs. A, /. In 
most the whole c.avity is 
lined by the jicritoiieum, 
which is retlected upon the 
several viscera. In tlie 
transverse section of the 
cavity, fig. 293, the thick 
1 i n 0 d i a g r a rn in a t, i c a 1 1 y 
shows the peritoneum rc- 
iliM'ted from the verteliral 
ccntrinn upon the aortal 
and caval trunks, A, the 
s])lcen, A, and stomach, a^ 
wlicnce it is continued to 
form the omental fold, c, c: 
1‘rom the ventral surface 
tlie peritoneum is reflected 
at one small |)art upon the 
remains of the umbilical 
vein, forming the so-called 
‘ lalciform,’ //, and ‘ round,’ 
d, ligaments of the liver, 
in the Crocodilia the peri- 



toneum does not extend for^vard beyond the stomach and liver, 
but is reflected u|>on the posterior (sacral) surface 
ol both organs,^ circumscribing a smaller ‘ abdo- 
uiinar cavity, and iiicludiug fewer viscera, than in 
Mammals. 

In female Rc])tiles, the serous membrane of 
the abdomen is continuous with the mucous mem- 
hrane of the oviducts; the subhexagonal or yiolv- 
goiial flattened cells of its epithelium giving ]>lace 
to the ciliated epithelial cells at the margin of the 
<>vi(Iucul aperture. In lioth male and female 
l- Moniay tlie peritoneum is continued, as an in- 
fuudibiilar canal, into tlu||f corpus cavcrnosuin’ ’ISV 



* ccxxxvT. viil. ii. p. 
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of the penis ’ and clitoris ; in the Crorodilidy besides com- 
municating witli that structure, the peritoneal canals 0 ])en out- 
wardly upon |)apill‘cC, situated on each side of the l)ase of the 
penis‘s and clitoris. These arc tlic exceptions, in the re])tilian 
class, to the tyi)ical character of the pcritoneuni as a closed 
^ serous • sac. In most Reptiles i)igincntal cells are blended with 
or suj)erscdc the ordinary tessellated lining of epithelial cells in 
certain parts of the jjeritoncal suriacc. 

The mouth in Rei>tilcs gives passage to respiratory currents 
as well as to the food in the Perennibranchiates, and in all 
the air-breathei's along that extent of the cavity whicli is poste- 
rior to the palato-narcs, fig. 294, n, h : the Crocodilia alone 
having the nasal distinct from the oral passage. 

In Cli(d()nia^ the jaws 
with their horny covering 
form, as in (Jymnodoni 
fishes, the first portal t(» 
the aliinentary canal: in 
many BiUravkia the in- 
tegnment passes evenly 
over the alveolar margins 
of tlic jaws, as in fig. 294, 
in Ojdiidla^ Sanrifi, 
and Crovodilid.y a narrow 
tract of soft and vascnlai- 
int(\gumcnt intervenes be- 
twoini the scale-clad hordia- 
of the motith and the jaws ; 
sinking into a more or less 
shallow groove, which de- 
fines the lipvS and receives the secretion of a row of iiuie(»ns 
crypts ; Irut such lips are hard and inflexible : in certain Frogs and 
Toads they are of softer texture : but in none are produced or 
prehensile. 

The walls of the mouth expand into p(nichos in certain 
Reptiles, as e. g. at the sides of the face in male Frogs, below iln^ 
tongue in IJyla^mA produced from the same part into a cons|)ieu- 
ous giilar l)ag, as in the Draco rohms, fig. 303, d. Rut tliesc 
pouches receive air, not, as in some higlier Vertebrates, food ; and 
usually relate to the powers of voice. 

The bony walls of tbe mouth have been already described ; the 

' XX. vol. iv. p. 62, preps, nos. 2448—2451. 

- lb. vol. iv. p. 60, prep. no. 2430 ; and ccxxxvh. p. 153. 
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lining membrane retains tbe ciliated epithelium Inmost. HatracMn, 
In lig. 294, n shows the roof of the mouth f)f a iVewt, of the 
natural size ami niagnified : A shows the floor of the mouth witli 
the msopliagus, ^7, laid opcnfi’om above, the stomach, c, and liiiigs, 
/; /; a is the lower jaw, b the toiigue, c. the glottis. The (mrrents 
jn-oduced by the vibratilo cilia arc made visible by powdered 
cliarcoal, and their course is indicated Jliy the arrows, beginning at 
the syin[>hysis and extemling to the cardiac end of the ecsophagus. 
Tlie (‘iliaiT movement Ms remarkably vivid in the month of the 
Sc‘rpcnt ; and in the Tortoise it endures for several days after death, 
not; ceasing Till the parts are destroyed by putretaction. Fig. 
2ft) gives a magulfied view of some of the ordlnai'y nucleated 
epithelial scales, a, />, c, and of some ciliated scales, d,Cy j\ffy 
from the mouth of the F rog. 

'fhe tongue, as an organ of taste in 295 

Reptiles, has been noticed, p. 327. Tn ^ 

Newts it is usually small, as at 7), fif - 

294. In most taiUoss Ihitrachlans it is 
lavgx! ; attached to the iloor of the mouth, 
a little beliind th(‘ symphysis of the 
uian(li])le, with its free border directed 
haekwai’d.'*^ 'rids ])art ean be raised 
and thrown out of tlie mouth by a. 
rotatory movement, as on a hinge, with 
a c(?rtain (dongatloii, equaling in some 
Toads two tliirds or more of the length 
of th<^ body. A glutinous saliva is NiU'.lontt'd rind odinlod cpHln'Iial iscalt's 
s|>vead over tbe surface : both the pro- * ' "’s 

iriisilc and retractile movements are executed with extreme 
velocity, and thus the insect is seized and swallowed more 
qidckly than the eye can follow', when the Ihitrachian has 
brought its mouth within the distance at which the tongue can 
reach the fly. 

The hyt)id being raisoil and the mandible depressed, the genio- 
glossi, liaving their fixed point at the symphysis, raise and jerk 
f n'ward the free part of tlie tongue ; at the same instant the 
tongue is narrowed and lengthened by the action of transverse 
111 ires in its substance : the return movements are due to the 
hyoglos{4i, acting from the hyoid arch, while this Is at the same 
fime depressed and retracted. In most Frogs the back jiart of 
the tongue is bifurcate, fig. 350, rt, or bilobed i^Pohjjmlutes) : in 

' ccxxxvjn^vol. i. p. 6S1. 

^ In llekrotjlossus the tongue is attacheil by a central pedicle. 
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(h\f/r/lossus it is roiiiided, as in Toads and some Hyliddi^ e. jr. 
Elosla ; but hero the whole margin adheres : the rarest form, in 
anourous Batracliians, is that of lihinopkrynm, in which the fore 
part of the tongue is free.' In Scrj>eiits the tongue takes no other 
share in the prehension of food than by the degree in whicli it may 
assist in the act of drinking ; it is very long, slender, cylindneal, 
pi’Otractile, consisting of a ])air of muscular cylinders, in close 
connection along tlie basal two thirds, I)ut liberated from each 
Other, and tapering each to a point at the anterior third : tliese 
are in constant vibration when the tongue is ])rotruded, and arc in 
great part wilhdrawn, with the undivided body of tin* tongue, into 
a sheath wlieii the organ is retracted. This act is performed by 
the ^ glossohyoidei,’ lig. 147, A ; protrusioti is eifected by the genio- 
hyoldei, ib. ;r, zh Tlie orifice of the sheath is strengthened by a 
pair of cartilaginous ]dates, on which other muscles act.*'* '^flie 
uiiiujited symj)hysis of the mandil)le leaves a }>assage for the 
tongue without the need of ‘ opening Mho mouth: and tlic acts 
of protrusion and retraction are usually seen to be frc(juenlly 
repeated. The Antpldsb(cni(J(e and /htyuiiho have short, thick, 
hardly protractile, and suh-bifurcatc tongues. 

The arboreal (4iamoleons, clinging on all I’onrs to llu'ir tree 
braTK'h, depend wholly on their singularly extensile tongue fn* 
the prehension of their volatile Insect food. The movenumts ol* 
this 0 )‘gai). arc as instantaneous as in the Toad and Frog, and 



T'iii]L'uo of tlir (■•lnuiM.’lron iirirl l.'illy cfl.. 


arc due to combined inustudar and (dastie forces, acting within 
the tongue and ii{)on its supporting bojics, with concomitant 
modifications of the hyoid arch. 44ie glosso-hyal is produced 
into a long and cylindrical, fibro-cartilaglnous style; it penetrates 
a fibrous sheath in the sid)stanee of the tongue, which, wlien 


* It afFords the charaetcr of Di*. Giintlier’s section Proteroglossa^ < i.xxv. 
2 ccxLi. j). 368,' 46, fig. 15. 
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retracted, fig. 297, a and c, is almost Avholly supported thero])y, 
and, wlieii withdrawii, the cavity of llie sheath is occupied by 
a ductile cellulosity. Tlie bulbous end of tlie tongue, fig. 290, 
and fig. 297, a, n, is divided by a trails verKse curved groove into 
a shorter upper, ib. and a longer lower lobe, ib. r/, resembling the 
prehensile part of the Elephant’s proboscis; tlie sniTace is finely 
rugous, and bedewed by adhesive seci*etion. Between the bulb 
and the base the glossohyal slieatli is immediately surrounded by 
fibrous, degenerating into lax elastic, tissue, covered by the lingual 
vskiii, whu'h is thrown into eiicular rugai or rings, in the contraeted 
slate (as in lig. 297, A, /y, and in c, where this part ol* the tongue 
is exposed by divarieatlng the geniohyoid nuisides, c). TIk' tissue 
of theglossoliyal sluaith consists chiefly of nnsti‘iped innscular fibres, 
arranged transversely. The longitudinal fibres are those of a [rair 
of ‘ glossohyoidei,’ extending along the sides of the ifnnnlar exten- 
sile jiart, and spreading out at the bulbous ])art, ol‘ the tongue, 
The circular fibres, strongly contracting, dirniuisli tlie tliieknoss, 
increase the length, an(l,s([ueezing the smooth siqiporting style, slip 
off the elongated part of the tongue from its fore part with a certain 

2117 



T<in,Qnc of the Ch.nneleori. -ivx l. 


j^'rk. But with this action is associated a more poAverful iiropellcr 
of the weighted bulbous end of the tongue, exorcised by the 
»inscles of its body support. The geniobyoidci, fig. c, c, and a, c. 
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draw forward the basihyal upon the ends of the ceratohyals, h, 
which are steadied l)y the slender muscles ‘ ceratoniandibularis,’ /; 
and ^ ceratosternalis,’ h : so that the inverted bony arch, from 
being vertical, as at A, /d, is made horizontal, as at B, It ; the l)asi- 
liyal being brought forward about an inch, and with a force atid 
precision, due to the fixation of the ceratohyal tips, by their guy- 
ropc-like muscles, /‘and A, which adds greatly to the propelling 
force. This force, added to, and acting consentaneously with, th« 
elongation of the annulosc part of the tongue, A, a and n, jerks 
out the swollen preheiivsile end of the tongue to the full extent 
allowed by its clastic yielding tissue, which, on the cessation of 
the nuisciilar actions and their moinentuin, retracts the bulb; and 
the drawing back oi‘ the tongue is effect(id by the contraction of 
the glossohyoidei, and of the elastic cellular tissue, readjusting 
the sheath iijloii the glossohyal : also by tlie retraction of tlic hyoid, 
through the stcrriohyoidei muscles, fig. 297, A, 0, y. These are 
assisted by the omohyoidei, ib. /; and tlic actions of c and // 
made more etfectivc by the cooperation of /‘and //, in steadying 
the points of the inverted arch upon wliicb the swinging move- 
ments to and fro of the basi- and glosso-hyals take phute. Tlie 
mechanisin and forces of the extension and contraction of 
Cluimoleon’s tongue are essentially the same as those of th(‘ 
tongue in Toads and (Jeckos, among which those sj)ecies can 
most elongate the organ, when the liyoid muscles jerk it out of 
the mouth, which have the greatest proportion of ‘ linguales’ fibres 
arranged so as to contract its breadths 

'^riie styllforin glossohyal, besides sup])orting the retracted 
tongue and increasing the fi)rce of the constricting ‘ lingnalcs 
fibres, enaldes aim to bo taken at the object to 1)0 reaclied. Tlic 
Cbameleon, having discerned its prey, brings its head into ]K)silion, 
opens the inouth to the extent required for the tongiufs ])ass:ig(‘: 
then, steadying the apparatus ‘'by a sort of tremulous rigid 
movement,’ shoots out the tongue, and retracts it with the fly. 
the velocity of the a(?tion being such as to ‘ startle one afrosli 
every time it Is witnessed.’'^ 

The tongue of the Crocodile, fig. 298, c, is slightly raised by 
its fleshy i)ortion aljovc tlic level of the membranous floor of the 

* The cxplaiijitioii al>ovo given agrees in essentials with that proposed by Tliiiiter 
(XX. vol. iii. p. f>8), and Cuvier (xii. ed. 1, iii. p. 273) ; otlier hypotheses arc 
cited in ccxxxix. tom. vi. p. 76, and vol. iv. p. 1147. 

=« ccxi.. p. 1150. '.rhc whole of Dr. Salter’s cxeellent artielc is well w'orth oarefui 
study. A ])rcvious di.sscction of a Gcckti’s tongue, after maceration, as the Chanic- 
leon*s ought to be, in alcohol, fticilitates the recognition of the circular arrangoinout. 
of non-striped ‘ lingnalcs ’ fibres, described by Hunter and Cuvier. 
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inoiitli, but IS not prolonged freely beyond it; its back part 
iij)])ears to rise^ but this is due to the 298 


continuation of the jnernbrane from the 
base of* the tongue over a ti’aiisvcrsc 
cartilaginous plate, formed by tlie basl- 
hyal, which, abutting against the velum 
palati, ib. can close the l)ack part 
of the mouth. So that, when the 
Crocodile holds submerged a drowning 
prey, the water traversing the mouth 
has no access to the glottis.^ 

Tlie membrane covering the dorsum 
of the tongue Is beset by mucous 
crypts ; the ^ ceratoglossi ’ divide into 
fascicnli, Avliich decussate across the 
median lino. 

A salivary aj)[)aratus is as little 
s|>cciaHsed in Jlatrachiaus as in Fishes. 
Mucous crypts upon tlie tongue or 
l>alate subserve the uccmI of luliricating 
the (|uickly swallowed and unmasti- 
cated food. In Lizards a scries of 
orifices of mucous crypts exteud 
along the lifi-groove of l)oth jaws. In 
the Crocodile, besides the lingual fol- 
licles, there arc groups of more com- 
|)h;x ones on eacli side, hehind the 
pahito-nares, opeuiug into the meslies 
of the ])licated (‘aiicial membrane. In 
Chelonians tliere are grou])S of mneons 
follicles below the tongiuj, representing 
the snlilingual glands of Mammals. 
The labial glands are abundantly de- 
vidoped in Ophidians. The secretion 
of the lacrymal glands is added to the 
lubricating fluid of the mouth. The 
poison-gland of venotnous Serpents 
may be regarded as a specially de- 
veloped parotid, but will be described 
in another section. In all Keptiles 
the secretions entering the mouth are 
rather mucous and mechanical in fiinc- 



MouMi, gullet,. 'I ml sl(»iniu’.li,Ci*ooo(]llo. fCL- 



^ XX. vol. iii. p. 72, prep. no. 1406. 
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tioii than truly salivary, as exercising any alterant Influence on 
the nature of the food. 

A ^ velum palati ’ is developed only In the CrocodlUa : an 
epiglottis is not j)rese!it in any Reptile : the basihyal valve of the 
Crocodiles is analogous to one, and some lizards show a rudiment of 
epiglottis. The sides of the pharynx are cleft by the gill-slits in the 
perennibranchiate ; and one slit on each side remains 

open in some of the caducibranchiate species, as, c. g., in Mmopomn. 
In the Siren there are thrcje clefts on each side, defended by inter- 
locking pointed processes, closely resembling the narrower of the 
five lateral branchial clefts in the Le])idosiren, fig. 316, i, a, 4, 5. 

The eesopliagiis is short and wide in Batrachia^ fig. 294, r/, c, 

long and wide in Ophidia^ fig. 300, </, 
c, /* of moderate length and width m 
Chehmuiy narrower in CrocodlUa^ fig. 
298, c, and still more so in insecti- 
vorous Lacertilla^ fig. 303, c. It is 
remarkably dilatiible and thin-coated 
in Snakes, as at fig. 300, in which 
its intrinsic propelling ])ower is sup- 
[dcniented by the constriction of the 
surrounding trunk-muscles during 
the deglutition of bulky jrrey. The 
other chief peculiarities in the struc- 
ture of this part of the alimentary 
canal of Re])tiles are, the peidbration 
of Its walls by certain (doiigated and 
enameled hypa])()physesin p. 393, and the produc- 

tion of the lining membrane into pointed processes, directed to the 
stomach, and covered by thick e])ithcUum in the Turtles ( Ckvlone),'^ 
These aid in the deglutition of the long slippery seaweeds on 
which tlu'. Turtle feeds; in carnivorous Vhelonia they are not 
present; the lining memlu’anc in Testudo indicfi,, e. g., is thrown 
into longitudinal rugie when umlistended, and ])reseiits a fine 
reticular and porous surface. The ciliated epithelium is con- 
tinued along the gullet in Triton^ fig. 294, d, and in the larva5 of 
Toads and Fiogs.'^ The muscular tunic of the gullet is strongest 
in the Turtles. 

The stoniacli presents, in Reptiles, its most simjde form in the 
Ophidian and Ratraehian orders, especially in the ichthyo- and 



K<‘ln»vfrn'(.l iij (I'suplintfus of 

TurMo KChilout). iro. 


* Joiirdan, ill ccxMi. toni. vi. p. 160. 

“ XX. tom. i. p. 1^6, preps, nos. 460, 461; xxifi. pt. Iv.ipl. v. 6^: 7. 
■* xr.m. tom. i. p. 101. 
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opliio-moi'phous Ivinds of tlic latter. The transition from the 
gullet to the stomach ia scarcely indicated externally. On the 
inner surface it is shown, in the Python, by the more vascular 
and rugous character of the longitudinal folds continued into it 
from the msoplnigus, the interspaces of the folds being reticulate. 
The stomach, which is straight, as in the Rattlesnake, fig. 300, 
contracts at first gradually, then quickly, to the 


])ylorus, Avhence a narrow canal, of abont an inch 
in length in a Python of ten feet long,' conducts 
to the suddenly expanded intestine. In the 
Proteus, Sinm, and Amphiiima the stomach is 
long, cylindrical, and nearly straight; there is 
no intervening canal between pylorus and in- 
testine. I'lie stomach is distinguished from the 
msopliagns l)y the thickness of its coats, and by 
the spongy and vascidai- (*harai;tcr of the lining 
memhrano. Iji the Siren and Triton, fig. 294, 
the |)yloric end bends a little to the right ; this 
bend is more marked in Salamandra. In the 
Frog, the stomach, fig. 305, a, c, is pyriform, 
placed on the left side of the abdomen, with a 
slight curve to the right side. In the Lizard the 
stomach, fig. 301, is fusiform, with a similar 
position : but, in curving to the riglit, it ad- 
vanc.es from behind f‘orward. In the Flying 
Lizard {Draco volans)^ fig. 303, J\ and the 
Iguana, the stomach is rather ])yrlform, but the 
shape varies with the state of tlie contents. 

In the Cliclouia the stomach so far accords 
witli the broad and llattened form of trunk that 
it is placed more transversely, bending as it passes 
from the left to the right side. In fig. 302 the 
gradual passage from the cesophagus, t, to the 
stoma(*h, K, is shown in the fresh-water Tortoise, 
Dnn/s europcm, in which the stomach is cylin- 
dri(‘.al and elongated, curving l)ehind, and in a 
deep groove of the left lobe of the liver, i, to 
the riglit, where the pyloric portion of tlie 
stomach, k', becomes narrower and thicker in Its 



ill fon* p.'ii’t. of 
tlif aluloiiu’ii, of Hie 
U:iltl(.sii:i.ko. n:i,. 


coats. The muscular fibres of the layer radiate from an 
aponeurotic part on each side, at the chief bend. The mucous 


XX. vol. i, p. 1 13, no. 504 A. 
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membrane is disposed in longitudinal ruga), most marked at tlui 
eardiac lialf; the orifices of gastric follicles are immcroiis at the 
l)yloric portion. Here Hunter noticed ‘ a glandular j)art on oiui 
side, a little way from tlie pylorus, with many orifices.’^ In the 
Turtle {Cheloitc) the muscular tunic of the stomach becomes, in 
the adult, remarkably thick, for due compression of the vegetable 
contents ; in the young' animal the coats are as thin as in Emt/a? 
In this genus, and other earnivoroiis Clulonlny the cardiac orifice 
is very wide compared with the ])yloric. 

The CrocodHiti j)rcsent the most complex stomach known in 

existing members of the Keptiliaii 
class. The ])rincipal cavity is of a 
rather fiattene<l suh-(jircular or lull 
oval shape; there ivS a tendon, fig. 
298, /, at the middle of each sid(% 
better defined than in Chehniitt, and 
th(i nuiscnlar fibre^s radiate therefrom, 
il). /*. It communicates l>y a wide 
aperture with the (rso[)hagus, ami l)y 
a very narrow one with the pyloric 
portion, ib. < 7 , which is a small suh- 
spherical pouch with a still smalhir 
oblique aperture into the intestine, 
ib. k. The analogy to the gizzard of 
the bird is further shown by tlic fre- 
quent occurrence of stones in the 
stomacli of tlie Crocodile.® In nil 
carnivorous Keptilcs the prey is swal- 
lowed whole, and its entry into tiu; 
stomach is easy : hut nothing is ]>cr- 
mitted to |>ass out into the intestine 
cxcei»t tlie chyme and other fluids. 
In herbivorous Reptiles the pylorus gives [jassago to vegetable 
matters whose digestion is completed in the (rolon. 

In the disposition and attachincnt of tlie intestinal canal, the 

* ccxxxvi. vol. it. p. *357. 

XX. tom. i. p. 146, preps, nos. 514-516. 

^ XX. vol. i. p. 146, prep. no. 518 a. In the stomach of a Crocodihis aevhts^ from 
Jamaica, Hunter * found the whole of the feathers of a bird, with a few of the bones, 
which hiul lost all tlieir earth, exactly similar to a hone which has been steeped in an 
acid.... There vvcrc stones in the stomach of considerable size, larger, e. g. than the 
end of a man’s thumb.’ ccxxxvi. vol. ii. p. ,‘137. Dr. Jones (ccxlv. p. 94) found in 
the stomacli of an Alligator ‘the bones, teeth, hoofs, and hair of a pig; the flesh had 
been entirely digested.’ 
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Crocodilia again offer the chief exception to lleptiles in general ; 
in these the mesogast(M’, fig. 301, A, is directly and broadly con- 
tinued into the mesentery, as this is into a me>socolon ; they 
are nominal distinctions of the same sim[)le duplicature of the 
peritoneal membrane. In the Crocodile the Intestine, after 


















Vf,«('cra of fho KfiiiJiIo Tdrloii^e {liinys euri'iin'm soi-n Jrnni Ijohlod ; tlko liiiifrs! have bcoii roniovod, 

xxxvnr. 


forming the duodenal loops, passes hack to cross the spine to the 
left, in close connection tliereto : and, descending, again becomes 
loose, and defines a Vroot ’ or beginning of a distinct ‘mesentery’; 
in no Keptile js there a separate mesocolon. Thus, it is only 
in Crocodilia that a ‘ duodenal ’ portion of the intestine can be 
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clistuictly defined ; in other Reptiles it is indicated by its relation 
to the pancreas and to the ducts of this gland and the liver, as at 
c, f\ fig. 301 (Lacerta), fig. 30(5, c, d {Uaria), and fig. 305 ( Chehne), 
The large intestine is definitely marked off in all Reptiles, but is 
short and, in most, simple, straight, and without ciecal production 
at its beginning. 

In no Reptile is the intestine so short and straight, or so 
long and convoluted, as in certain Fishes ; as a general rule, 
it is shorter in proportion to the trunk than in warm-blooded 
Vertebrates. 

In the Siren and Am|>hlume the intestine makes a few short 
turns in its longitudinal course, and exj)ands into a straight and 
wide colon or rectuni.^ In the Menopome'^ the convolutions arcj 
more numerous, and the rectum is relatively wider. In Cmdlm 
the intestine is continued in a slightly convolutiid manner to the 
short rectum which o])ens near the hinder extremity of the snake- 
like body. The Newts and Salamamha-s have short intestines, 
with few coils; so likewise have the Toads and Frogs; but, in 
the larval state of the latter, the Intestine is very long, and I'orms 
a double series of s[»iral coils, fig. 42, / ; and the modification l>y 
absorption of this herbivorous type of gut to the carnivorous one is 
not among the least of the marvellous changes which the anourous 
Batrachian undergoes In passing to its adult condition. In most 
Serpents the short intestinal folds are pack(‘d (dosely together in a 
long mass by (H)nnecting cell ular tissue. I n 8ea-sna kes ( llt/drophis) 
the convTdulions are more free. In Lizards the intestinal con- 
volutions arc commonly few, fig. 301, /, fig. 303, (/, and free. In 
the Chelnnuf, ligs. 302 and 304, the convolutions of the small gut 
are larger and more numerous; they arc also well marked in 
th(^ (-rorodiU/f, 

The muscular tissue of the intestine shows an external layer of 
longitudinal fibres, and an internal layer of cii’cidar ones ; the 
latter is remarkably thick in Chdom\ In gilled and tailed 
Batravhia the mucous membrane presents fine undulatory longi- 
tudinal ruga^ not ])arallel, but often uniting. In Toads the ruga^. 
a^e transverse at the jejunum : in Frogs the rugic are zigzng. 
The mucous memljrane of the intestine j)rescnts, in the Python, 
small, flattened, scale-like processes ; in some Ser}>ents iliey arc 
longitudinally extended, and fringed at the margin ; the appearance 
of circular or ‘connivent’ valves is due to the close coils of the 
gut within a common peritoneal sheath. In the Channeleon the 
intestinal rugie are rhomboidal, and their free border is minutely 

^ XX, vol. i: p. 122, prep. rio. 444. = lb. p. 203, prep. no. 054. 
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fimbriate. In a Tortoise ( Teatudo iudira) the inner surface of the 
small Intestine is reticulate : in Teahulo tahidata and in tlie Emys 
eunypaui it is disposed in small and numerous longitudinal riigio: 
in Chelmm hnbrlcata and Chelonc Midas the principal ruga3 have a 
wavy and slightly zigzag disposition. In the Crocodile the lining 
membrane of the jejunum is finely reticulate: 
in the ileum it rises into longitudinal folds : in 
the colon it again becomes minutely refuadate, 
and is thnnvn into irregular rugie. 

The intestinal tube usually somewhat dimi- 
nishes in diameter as it approaches the colon. 

The liatrarhla have no ciecum ; the small in- 
testine, in the h^rog, makes a sudden bend, to 
terminate obliquely in the short and wide colon.* 

The more ohli([nc entry of the ileum into the 
colon of the. (h’oeodile gives the appearance ol* a 
short jxnich on one side : some of the eirimlar 
fibres of llu; muscular tunic enter the ih‘o-eollc 
valve.^ 

In the Python the large intestine begins by 
a suholongate, pointed Oieenm, marked off from 
the (*ol()U ))y a plaited valvular fold a succes- 
sion of such folds occurs in the rest of tlie large 
gut. In some land and fresh-water Tortoises 
( Tvstado tahulata^ Ti\du(lo rp'((!.ca^ Emys 
tlie ihiiim opens nliliquoly into the side of the 
h(‘gi lining of the colon, leaving a short and 
simple ‘ eiecal ’ summit of that gut;'* the mar- Aii.nmh.ry (vmii. 

, -i • CrdiM iiifirn/). 

gins of the ilei)-caM*aI orifice are puckered into 
folds, two of which, in Tesindo r/rwea^ are continued into the 
<‘olon, the intervening groove extending for a short distance 
along the curve of the colon. The colon is longer and wider 
in the herbivorous Tortoises, and usually coiitahis grass, leaves, 
or other vegetable substanecs, the small intestines being 
emj)ty. In some species of Agama {Ardiscosotna), Caliotes^ 
StvUio^ Monitor^ and in the Draco t7(dans, fig. b, there is*a 
small ciccum at the beginning of the colon, ib. i: and this gut, 
when ilistended, seems distinguishable from the nanniwcr re(*tnm. 
Hut the most complex large intestine has been met with in the 
herbivorous Iguanas.’’ The ileum terminates by a slit on a ridge 

XX. vol. i. p. 204, no. 669. * Ib. no 670. •' Ib. no. 671 A. 

» * XX. vol. i. p. 206, no. 671 B. 



* Ib. no. 67 J. 
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projecting into tlie ciecnm, which is continued beyond, spirally, 
and contracting to o]ien into the colon l)y a rounded pucihered 
aperture, at the end of a conical valvular ])roniinence. Valvular 
folds of the miK'ous inemln-anc project into the colon from its 
concave side, decreawsing in breadth as they descend. The coats ^ 
of the intestine make smaller indentations from the convex side, 
opposite the intervals of the larger folds. Beyond these folds tlie 
colon diminishes in diameter, and makes a sudden turn upon 
itself before beeoming the ‘rectum.’ The ciccimi is, lierc, not a 
mere ^ caput coli,’ but a distinct segment of the alimentary canal, 
having an orificii for ingress, and a seccnul for egress, of contents, 
analogous to the cardia and pylorus of the stomach, witli ]>arietes 
more nnisc.ular tliMii either of* the intestines with whicli it com- 
municiitcs.^ 

It would seem, from petrified contents or excretions of the 
intestine, that some part, proliahly the terminal one, of this canal 
had heen provided, in the extlnet Ichthyosaur, with a sjiiral valve, 
fig, 105 (‘ coprolite’ figured below the jielvis). 

Tlie rectum does not 0 ])en directly upon tlic exterior of tlie 
body in any llejitilc, hut into a cavity, or ‘ cloaca,’ common to it 

’ The following; (ocxi.v. p. 92) g:ives the weight of tlic body, in grains, and 

the lengths of the alimentary canal, in inches, in various Reptiles. 
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with the urinary, genital, and allantoic orifices, when the latter 
blacldcr persists in any degree. « 

In the J3atrarMa^ the allantois opens into the fore part of the 
cloaca, or, as it seems, into tliat part of the rectiiin ; hehiiid the 
rectal outlet are the oi'ifices of the two sperm-ducts or oviducts: 
behind these are the orifices of the ureters ; the genital and. 
urinary outlets are usually prominmit. The rectal orifice is less 
distinct and constricted, ami the cloaca seems more a continuation 
of tlie gut than in higher Ile))tiles. In the male Tilton the 
rectum forms a valvular projedion into the cloaca, after it has 
received the orifices of* the vasa deferentia. 

In true 0[iln(lui tliere is no remnant of allantois opening into 
the fore part of tiie reclum or cloaca; in Aiifjnh a small bladder 
remains in that connection,^ which expands, in limbed Lizards, to 
larger proportions. In ( as in other Serpents, the terminal 

orifice of the rectum is well marked; behind it is a semilunar 
fissure, receiving the outlets of the oviducts, and behind that is 
the liilobed jirominencc on which the nreters open.® The cloaca 
in Lizards vsliows the valvular fold between’ the intestinal orifice 
and those of the genital and renal conduits, together with the 
orllioe of the allantois at the fore part of the rectum. In the 
VhvUynhi the allantois, fig. 302, TJ', o))cns into the fore part of the 
cloa(*a. below or licyond the rectal orifice : tliis has a distinct 
sphincter the compartment of the cloaca receiving the terminal 
oi'ifices of tlic genital and urinary canal, and of the allantois, is also 
divided I»y a projecting border, like a distinct orifice, from the 
outer com|)artment, in which the clitoris, fig. 302, ir, or penis lies: 
IIjc former is termed the ‘ urogenital,’ the latter the ‘ vestibular,’ 
]>art of the cloaca ; the urogenital orifice is transverse or semi-lunar. 
In Chdj/dra iicrpi ntuui the oviducal orifices are immediately behind 
the rectal one : tlic allantoic orifice is in front of it ; behind the 
oviducts are the terminations of the ureters, and behind these, 
within the vestibule, arc the wide orifices of two cloacal sacoiili,*'^ 
oacli of which exceeds the allantois in size. In Emys europmi^ 
fig. 302, IT, u, they (Hjiial the allantoic bladder, i/. The allantois 
in the CrocodiHa is reduced to a urinary bladdcr-likc dilatation of 
the fore part of the cloaca, into wblcli the rci'tiim opens obliquely, 
and by a valvular protrusion ; the genital oi’ifi(H\s are behind this, 

* Siren, xx. vol. iv. no. ‘2695 ; Amphiiima, il». no. 2397; Mempoma, ib. no. 239 ; Tbr- 
toise, ib. nos. 2401, 2099; Sahnntnidraf ib. no. 2407; Uana, ib. nos. 2409, 2702; Pipa, 
ib, no. 2707. 

XX. vol. iv. p. 57, no. 2422. “ Ib. no. 2708. lb. vol. i. no. 751. 

^ ‘Anal snccnli,* xx. vol. iv. (1838) p. 147, no. 2722 15. ‘Vessics auxiliarcs,' 
ccxLiv. (1839), p. 4;>0. ‘ Vessics lombaircs,’ ccxxxix. tom. vi. p. 363. 



448 


ANATOMY OF VEUTEBRATES. 


ami then come those of the ureters.' The urogenital compart- 
ment opens into tlie vestibule by a narrow fissure, the lower part 
of which is continued into the groove of the penis or clitoris 
lying in the vestibule. 

The cloacal outlet, commonly termed the ^anus,’ varies in shape 
in RcptlUa, but is more constant in position than in Pisces ; it is 
never so far forward as in some of that class. In tailed Uatrachia 
it is a longitudinal slit in the axis of the trunk; in anourous 
larvae it is protected by folds of membrane, which unite to form 
the lower border of the tail-fin; during the ])rogress of absorption 
of this natatory organ the anus is somewhat advanced, and assumes 
a rounded form witli a sphincter. Tn the Sea-snake {Pclamjis') 
the anus is longitudinally bilabiate, but tlie anterior part of tlie 
fissure is crossed by a semilunar fold or ridge. In Ijizards tlie 
corresponding fold, with its scaly covering, is larger, covers more 
of the orifice, and gives it a transverse seinilnnar shape. It has a 
similar form in the Turtle. In Emjfs it is a puckered ajicrture, 
with a tunical border beneath the base of the tail ; in Trionyx it 
is a longitudinal orifice, and nearer the end of the short tail. In 
the Iguana the jiostcrior valve i)f the cloacal opening is ajiproxi- 
mated, and applied to the anterior one by a muscle whicdi arises 
from each angle of the fissure or fohl between the tail and the 
thighs. The dilatation of the orifice is produced by two pairs of 
muscles, attached, the one to the fcmoro-caiidal fold, the otlier to 
the lower surface of the tail. 

§76. The hirer of Reptiles. — This organ is jiroportionally 
large In all Ileptllcs: its form is mainly governed by that of the 
body. In Serpents, fig. 300, n, it is unilobate, long, and slender; 
in Tortoises, fig. 302, /, it is short and broad, chiefly composed of 
two suliequal lobes; in Ijizards, fig. 292, 4, it offers an inter- 
mediate Ibnn. 

In the Lepldosiren the liver consists of one long lobe, with a 
transverse notch on the left side, lodging the gall-bladder. In 
the Siren the liver presents a similar form, with the addition of a 
small left lobe at the anterior end. In the Amphiume the long 
and slender sul)trihedral liver extends through nearly two thirds 
of the abdominal cavity, and the gall-bladder is an inch distant 
from the lower end. Tn the Menopome the liver is shorter and 
broader, with the gall-bladder lodged in a fissure wliicli makes 
the posterior end bifurcate. In the Newt the liver has a similar 
terminal notch into which a peritoneal fold enters. In the Frog 


; XX. vol, i. no. 747, voJ. iv. no. 2438. . 
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the liver is divided into a right and left lobe, with subdivisions of 
iho latter. In tlie Pipa the right and left divisions arc (luilc 
distinct, and each is subdivided. In Ca>cilia the elongated liver 
is divided into several small flattened lobes. The liver, in the 
Chameleon, consists of one lobe; in the Gecko 
ijuttatus) and the Draco volans^ fig. 292, /«, it is triangular: the 


304 



Vi^ern <»f the IVmnli- T«»ri <ii.sr {Kmyg euroiin\o. .\x\vni. 

anterior angle accompanies the vena cava towards the heart : a 
second angle, w/, /;/, enters the curve of tlic stomach : the third is 
directed backward, along the right side : the gall-bladder lies in a 
notch between the last two angles. In some other Lizards this 
notch is deeper, and the increased size of the left process gives the 
liver a bilobed character ; the vena portie enters the fissure, the 
Vena cava enters the longer right lobe. In the Iguana the liver 
extends from right* to left, with a convexity forward, and with a 
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slender prolongatiou along the right side, into the lapcx of which 
the postcaval vein enters. It has a narrow ^falciform’ Ugainent. 

In the Crocodile the liver is divided into a right and left lobe, 
anteriorly, by the heart, which almost wholly enters tlic fissure. 
Tlie fight lobe is the largest, with the gall-hladder on its concave 
side. The liver is more e{|ually divided in Chrlonla^ tig. .104, i, r, 
and chiefly also by the heart, ib. a', r/. The stomach, ib. k, 
deeply impresses the left lobe, and is buried in it in some species 
( Eiin/s se7'rata). In many there is a process, like the nobulus 
Spigelii,’ entering the curve of the stomacli. In the higher 
Keptiles the liver is contained in a peritoneal poiiGli ; in Ckdinda. 
and CrocodiUa each lobe has its pouclt more or less distinct, in 
the Crocodile the eapsnlc becomes a|)oneurotic, wlience it is con- 
tinued from the stcriio-sacral border of the gland to the abdomii^al 
parictes, to be connected, like a diaphragm, with the transversns 
abdominis muscle. ‘ 

The lobes of the liver arc subdivided into numerous and mimit<^ 
lobules, compactly united by interlolnilar cellular tissue. TIu^ 
lobules tliemselves are composed of corpuscles,, or ^ acini,’ oc.cupy- 
ing the meshes of the vascular Tietwork pervading (he lobnlc : 
these ^acini’ are larger in Keptiles than in Fishes. Their 
secretion finds its way into biliary canals, (listingnishal)h; as 
such, with pro[)er walls, on the exterior of tlie lobule ; these 
ducts aiiastom(3SC in the interlobular s|)aces, and fonn huger 
canals, accom])aiiying the ]iepati(', vessels 3 and, after j-epi'atcd 
unions, issuing, as the Miepatie ducts,’ from the portal fisHiiro. 
The walls of the ducts have no foUiciihir glandules. The lic[)atu; 
tissue ill Ke])tiles is usually softer than in warm-blooded Vertc- 

’ I)r. Jijiios', crxLv. p. IIM, asocrtaincil the weight of the body ami ofihe liver in tin; 
following Hi'piilia, and gives the relative weight of the latter in the subjoined form. 
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brates, and firmer than in Fishes. It never contains so large a 
proportion of oil as in plagiostomous and some other Fivslics. 

A gall-bladder exists in all Reptiles. It lies in a notch on the 
left side of the elongated liver in the Lepidosiren, Siren, Proteus, 
and Amjihiiirne, and in a notch at the liind end of the liver in 
Mniopotna^ Triton^ and Snlamanilnu In Anourous Ihitrachia. the 
gall-bladder is imbedded in the riglit-^lobe. In the Chameleon 
the gall-bladder is at the hind border of the liver; in Draco 
colons, fig. 292, m, it lies in the notch between the lei't and hinder 
angle ; in the Cyelodiis and Iguana in the notch betAveen the tAVO 
liiiuler divisions of the liver. The gall-bladder is deeply im- 
bedded in the substance of the right lolie of the liver in Tcstiida: 
it adheres by about one third of its length to the right h)l)e in 
Chclone : it has a similar aftachment in Crocndilns, but is less 
closely connected, and sometimes quite detached, iii Allujator and 
Gamalis, In true Ophidia the gall-bladder, fig. is removed 

beyond the liver to the side of the narrow canal connecting the 
stomach with the intestine. In the snake-likc Lizards (^Aufjnis, 
Amphldxma) the gall-l)laddcr is in contact with the liver. 

In J.epidosircn, Siren, ixwA Ampkliiina, the hepatic ducts eom- 
iiumi(!ate Avith the cystic, or Avith the gall-bladder {Slrm), wwOl 
tl\e bile is c<mveyed directly by the cystic duct to th(? beginning 
of the intestine. In the Iguana there is a distinct hei>atic duct 
whicli enters the duodenum about an inch IVom the i)y]orus, 
a cyst-he]>atic duct Avliioh enters the side of the gall-bladd(U*, and 
cystic dueds Avhich leave the globose l>Iaddcr abru[)tly. In Chc^ 
touia the hepatic ducts unite with the cystic: l)ut sometimes one 
is continued directly to the intestine (^Testndo f/rcccti). In Chdone 
Midas ii long hepatic duct from the left lobe unites Avith a shorter 
one from the right lobe, and the trunk joins the cystic near its 
entimice into the duodenum. The cystic is very short and Avide, 
ainl runs obliquely through the thick Avails of the duodenum. 
In the Croeodihj the hepatic duct sends a branch to the gall- 
bladder, and goes to tcrmiMate in the duodenum, distinct from tlie 
cystic. This arises from the apex of the bladder, and is long and 
straight. In Ophidia the hepatic duct is of great length, and 
unites Avith the cystic in the substance of the pancreas, near 
the termination of the common duct. In some speedes {Dispho- 
U(hs) it previously sends a branch directly to tlic gall-bladder. 
The cystic duct in Python, single at itvS commencement, divides 
Into numerous branches, Avhicli penetrate tlie pancreas, and re.- 
^ unite Avith each other and the hepatic before terminating in the 
duodenum. The advantage of this modification of the biliary 
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receptacle and ducts is obvious. Had the gall-bladder been 
attached to the liver, a.s in insectivorous Angnidat and Lizards^ 
it would liave been compressed by the prey, which in true 
Serpents is usually of large bulk when introduced into the 
stomach. The stimulus of such pressure would have led to the 
expulsion of the contents of the gall-bladder into the intestine 
before the chyme had been prepared, and passed on into the 
gilt; -the relative position of the liver to the stomach subjects 
the gland to such stimulus to secrete whilst the contents of th(*> 
distended stomach arc undergoing digestion. The bile is con- 
veyed away by the long liepatic du(‘t, hut is reilccted along 
the bi'anching cystic ducts to the gall-bladder, which has been 
transferred to a position beyond the pressure of the stomach. It 
is so placed, liowever, as to l)e affected by the distension of tlui 
narrow canal which conveys the chyme to the duodenum, and is 
thus stimnlatod to render up the bile to the gut, just at the time 
when it is wanted for the separation of the chyle from the chyme. 
This fact in com|)arative anatomy is significant of the share taken 
by the 1.) i 1 iary secre tio ri in 1 1 ic ac t o f chy I i li ca t ion. 

The gall-bladder is not. liowever, a sim|>le reservoir ; its vascular 
and secreting inner surface can operate upon the bile by both 
subtraction and addition; tbe more watery part may be diminished 
by absorjition; the cylindrical epithelial cells which form tin? 
innermost layer of llio mucous rneinbraiui may be slieil into the 
licpiid, with the contents of mucous follicles which are more or 
less developed in tliat membrane. The mucous surface Is 
augmented by minute furrows in the Crocodile : in the Testudn 
eh'pliantopus it is nearly smooth. 

Tlie bile in Chdoma and most Keptilcs is green : Hunter 
notices its pale yellow colour in the ‘ Watiu-snake,’ and its want 
of bitter taste in the Chameleon.^ (Jhcmiiral researches on the 
nature of bile have been almost exclusively (•onfined to that of 
Mammals, in connection with wliich class the chief results will 
be noted. The glycocholic acid is wanting in the bile of the 
Boa, as in that of the Hog. As miglit be sujiposed, from tluj 
prevalent colour of the bile in lieptiles, the Muliverdine’ primarily 
exists in it, not as a transformation of ‘ cholcpyrrhinc,’ which is 
the ])rimary colouring principle in most Mammals. The propor- 
tion of taiirocholate of soda in the bile of a Python is estimated 
at 8'4() in 100, and in that of a Boa to 6*2 in 100; a trace of the 
same principle has been detected in tlie bile of a Tortoise. 


CCXXXVi. voJ. ii. pp. 373, 378. 
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all Reptiles the bile is poured into the gut near to, sometimes 
close to, the pylorus.^ 

§ 77. Pancreas of Reptiles. — The pancreas in Reptiles is a 
light grey or yellowish, sometimes piukish, coloured gland, con- 
sisting of numerous ^ acini,’ giving origin each to a duct, the 
acini being united by them, like the short stalks of grapes, in 
bunches, about a larger duct; 
such aggregates or ^ lobules’ 
further uniting into ‘ lobes,’ 
and their ducts into a com- 
jiion canal, which terminates 
cither with, or close to, the 
biliary duct in the intestine. 

The lol)CS are separate in 
l^z/fho’/ij of a suhcircular 
flattened form, suspended 
cluster-wise by ducts of from 
six to twelve lines in hmglh, 
l)efore uniting into the com- 
mon canal. 

The pancreas has a close 
texture in lierbivorous Chr- 
loma, ibrming a thin layer, 
spread <Mit in the duodenal 
jneseritery, fig. ‘lOo, where 
it branches into numerous 
lol)es. In most Ophidians 
and in many Lizards it pre- 
sents a more com|)act form, fig. :101, /. There are intermediate 
Conditions of stj-ucturo in the present class. The ])ancreas is 
ramified in Menohranchas: it is more circumscribed in JMcnopoma, 
where it forms a long, slender, yellow gland. It is rather broader 
in Ainphhnna and Triton. In the Frog, fig. .300, /y, it is flattened, 
elongate, narrowest at the emergence of the diu t (o])posite c), and 
sending a process, which surrounds the gall-duct, as far as the gall- 
bladder. In tlie Sahimander it is long and narrow. It is thick amf 
pyramidal in CieciUa, alhwenfer\ straight, elongate, and slightly 
forked in Ccecilia interruptai it is ovoid in most Colubridoi', of a 

* The relative size of the liver in lUplilia does not relate to, or throw light on, its 
prohablo accessory function as an claborator of the albumen and disc-cells of the 
blood, or as helping to maintain animal tempevatnre by tlie formation of grape-sugar 
out of the nitrogen ized elements. Dr. Jones, however, detected the presence of grape- 
sugar in the liver of cdld-blooded Animals at all periods of starvation. 
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compact triangular form in the Rattlesnake,* where it is closely 
attached to tlio commencement of the intestine, and is perforated by 
the biliary ducts. The pancreas is small and flattened in Lizards, 
usually dividing as it recedes from the attacliment by the duct to 
the duodenum into a portion accompanying 
the biliary duct, and another extending to 
or towards the spleen. Tt is very small in 
the Jgiiana. In the Crocodile the pan- 
creas is divided into two elongated lobes, 
and sometimes sends its secretion into the 
duodenum by two ducts. In Chelydra 
serpentina the pancreas extends from the 
pylorus some inches along tlie duodenum, 
dividing and again uniting, forming a loop, 
and giving off a process which extends to 
the spleen. In the Turtle {^Chehme Midas) 
the pancreatic duct terminates on a pa- 
pilla, which projects into the terminal ex- 
pansion, or ^ampulla,’ of the l)ile-duct. 
pancreas In carnivorous Terrapins (A 7 /////.S* ) is more hid by 
and coin])act in form tlian in the fuc.lvoi'ous Tin*tles ( Ckelinie), 
Thus in the vegetable- feeding Gopher the i>anereas is ;i7iVo 
the total weight of the animal : whilst in the carnivorous Snapper 
It is -j J j of the total weiglit of the animal. As the proportion 
of fat eonsnmed by Oarnivora must be greater than that l)y 
Ilerbivora, the results of the above comparative ol)servatioi)s 
accord with the view of the use of the pancreas in ])reparing 
fatty matters for absorption,'^ 





J.ivcr, ji.'jiinvMs, .Tml f'r'li’rn ol 
iJif > ilii 1)1.1 >. rcwxr. 


* XX. vol. i, p. 2^i5, no. 77S. 

Dr. Jones, eexLv. p. 107, ascertained the weight of the body and of the pancreas 
in several American Kejdilia, and gives the relative weiglit of the latter in the sub- 
joined form. 


liana Cafeshiana (Hull-frog) 

Jhferodon nitjer (Black viper) 

I *.sa m mopli is Jlrujelliformis (Coach whip snake) 
Cfthbcr gattatus (Corn snake) . 

Coluber constr/ctor (Black snake) 

Crotuhis durissus {likinded rattlesnake) 
Che.lone carefta (Loggerhead turtle) . 
Chdydra serpentina (Snapping turtle) 

Einys terrapin (Salt*watcr terrapin) . 

Emys reticulata (Chicken terrapin) 

ICmys serruta (Yellow-bellied terrapin) 
Tesiudo Polyphemus (male Gopher) , 


NimiluT of 
tlie 
of it.S 

1088 
.537 
1353 
1371 
472 
9f55 ' 
518 
630 
994 
763 
1067 
3500 
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CHAPTEirVI. 

AIJSOURENT SYSTEM OF H^MATOCIt V A. 

§ 78. All the dcfiinte strncturca of’ soft parts — acini and 
.simpler f^land-i oil ides, their prolonged outlets or ^ ducts,’ — eoin- 
])acte<l sluiets or strata called ^skiii ’ and ^ meinhrane.s,’ mucous or 
serous, — bladders, sinnse.s, and tubes, arterial oi* venous, — threads 

or fibres, Jiiiiscular, ligainentous, or iiervou.s arc covered, coated, 

or lined, by a loose or soft elastic substance, which, as it con- 
nects the better-defined structures togetlier, and fills u]) their 
inte)*spa<*cs, Is termed ^connective tissue’ {(via vanjunclwa^ tvla 
vvllaiosa). It is dispersed in irregular ] dates, with intervals, cells, or 
‘ laennav fhe plates consist of delicate and extremely minute 
filirils. The intervals contain a fluid called ^serous,’ varying 
in (piantity, and also in quality, ar^oording to circumstances: 
and tlu'y intercommunicate freely. These cavities are the scat 
of a transudation from 'vessels’ and other more definite fluid- 
holding structunss during life: and reeiprocally the " ser()sity ’ is 
resmued by the beginnings or pores of sinuses and canals. 

Tbe serosity of the cavities of the connective tissue usually 
consists of 


Wat(ir D7.V20 

AIl)urn(?n 5*42 

Extractive matters and fat 0-7G 

Mixed salts . l.'5G2' 


But it is subject to varieties from many causes, mechanical and 
chemical, operating both wltiiin and out of the body. 

The vessels or canals which seem to be most closely connected 
with, or to he most directly traceable from, the connectiy4f 
tlssuci and its lacunac! arc those called lymphatics, lactcals, and 
absorbent vessels. This system exists as a separate organic 
vascular apparatus only in the Vertebrate subkingdom : it was 
first obsei’ved in Mammalia,^ was discovered by John Hunter in 

' CCLIT. 

" In the dog, by A#elli, in 1622 : at least the part of the absorbent system called 
* luctcals,* in the mesentery of the animal, ccliii. 
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Birds' and Kefitilcs^- and afterwards described by Mr. Hcwson 
and Dr. Monro in Fishes. The most systematic and detailed 
descriptions of the absorbent system of tlie Oviparous Animals, 
published in the last oentury, are tliosc of Hewson.^ 

§79. Ahsorheuts of Fishes, — Tlie lacteal system in Fishes 
commences by a reticulate or jdexifonn layer of vessels attached 
to the (connective tissue on the outer or cellular side of the mucous 
coat of the stomach and intestines: in the Skate"' the network is so 
coarse that, when inflated, dried, and cut open, it apjiears like a 
subdivided cellular or areolar receptacle, ".riic chyle is conveyed 
thence in all Fishes by more vasifonn lacteals, situated immediately 
beneath the serous covei*ing of the intestines, to large reticulate re- 
ceptacles, one in the mesenteric angle along the junction of the small 
and large intestines, the other extending along the duodenum, its 
pancreatic appendages, atid the pyloric ])art of the stomach, and 
often also surrounding the spleen. The j)reseuce of the mesentery 
In the Myxinoids, and its absence in the Lampreys, involve corre- 
sponding dlftercnccs in their lacteal systems: in the Myxinoids 
the lacteals are sii[)porte(l and conveyed by the mesentery to the 
dorsal region of the abdomen, and em])ty themselves into a 
recieptaclc above tlm aorta and the cardinal vifms, between these 
and the vertel)ral chord : in the Lam]>rey the lacteals |)ass 
forward, and enter the abdominal cavernous sinus beneath lliQ 
aorta. 

The lymphatic system is best demonstrated l)y injeeting the 
large absorbent trunk which runs n})on the inner surface of the 

‘ *It is but doing justice to the ingenious Mr. Jolm ItiinUir to mention Iierc, that 
these lymphatics in the nechs of fowls were first discovered by him many years ago.’ 
(llcwson, CIV. I7f;s, p. 220.) 

^ Iliuitcr’s account of this di>covcry is jis follows: — ‘ In the beginning of the winter 
l764-.‘3, 1 got a crocodile, which had !>ccn in a show fi.»r several years in London 
before it died. It was, at the time of its death, perhaps the largest ever seen in this 
coiintiy, having grown, to my knowledge, above three feet in length, and was above 
five feet long when it died. I sent to Mr. Hcwson, and, before I opened it, I read over 
to him my former descriptions of the dissections of this animal rclativeto the ^absorbing 
system,’ both of some of the larger lymphatics and of the lacteals, with a view to see 
fow far these descriptions would agree with the appearances in the aiiinial now before 
U3; and, on comparing them, they exactly corresponded. This was the crocodile 
from which Mr. Hcwson took his observations of the colour of the chyle.’ Hunter 
here alludes to the note appended to Mr. ircwson’s paper on the ‘Lymphatic System 
in Amphihious Animals,’ Philosophical Transactions, vol. lix. 1769, j). 199 
a crocodile which I lately saw by favour of Mr. John Hunter, the chyle was 
white.’ 

» CIV. 1768, 1769. 

^ In this ami other Plagiostomes the gastric lacteals are confined chiefly to the 
contracted pyloric canaL * 
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ventral parietos of the afxlomen, along the median line from the 
vent forward to tlie interspace of the pectoral fins, where the 
size of the vessel l)est favours the insertion of the Injectiiig-pipe. 
It receives the lyinjdiaties of the pectorals, and (in thoracic and 
jiigidar Fishes) of the ventral fins : then, advancing forward 
throiigli the coracoid arch, it spreads out into a rich network, 
which almost surrounds the pericardium. Tlie lyTn])hatic plexus 
which covers the lieart of the Sturgeon and Paddle-fish presents 
a spongy and almost glandular appearance when uninjccted : the 
tissue hetween the muscular and mucous coats of the gullet in 
the Kays,’ the gland-likc mass in the orint and palate of the 
Chiman’ie, and that lodged in a peritoneal fold of certain Sharks, 
may likewise l)e appcuidages to die lym[)hatic system.^ Large 
lyni]>hatic trunks from the upjier (dorsal) part of the circum- 
cardial plexus receive the lymphatics of the inyoeommata by a 
deep-seated trunk which runs along the ribs, and the lymphatics 
oi' the nuicous ducts and integuments by a superficial trunk which 
extends along the lateral line, and gets a penniform (diaracter by 
the regular mode in which its tributary lymihatics join it. 

In tlie Woir-lisli {^Anttrrluchas) the hicteals commence in pro- 
cesses of the edges of (he mucous folds by cells or lilind ends, 
iVom which the vessels jirocoed to form a close plexus on the 
outer surface of the intestine, and accomjiany in a plexiforin 
manner the bloodvessels. In the Ihirbot there are similar 
plexiform snrroimdings of the bloodvessels of the stomach: and 
in Silnrm (jhtnis tlie hu'teal network covers all the stomach.-^ 

In the E(3l the gastro-enteric absorbent plexus communicates 
with a cavernous sinus u])on the lower surface of the stomach, 
and with a larger one which accompanies the intestinal canal, 
whence other jilexuses jiass to the great subvcrtehral lymphatic 
trunks. Along the free border of the intestinal spiral valve, in 
Plagiostoines, there is a varicose lacteal reservoir, from which 
pi’oceed the vessels foi-ming the reticulate layer beneath the 
mucous mcmhranc. The lymphatics of tlie liead form minor 
plexuses at the bases of the orbits, and in tlic Carp they extend 
into the liasi-cranial canal ; those from the cellular arachnoid pjlliss 
through the occipital foramen to join the lymphatics of the spinal 
canal, and terminate in the cervical and sub-occipital trunks, 
which receive the lymjiliatics from the ujiper extremities of the 
gills: these, with the deep-seated lymphatics from the kidneys, 
join the single or double trunks at the under part of the vertebral 

• XX. vol. i. p. 1?6, no. 462. 

® cv. pp. 27, 30, pi. 6, figs. I and 2 j pi. 7, ligs. 3 and 4. 


ccLxr. p. 269. 
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column, wliich combine with the lacteal plexiform trunks con- 
tinued forward along each side of the stomach and (esophagus, 
to form a large, sliort, common lacteo-lympliatic trunk on each 
side, wliich terminates in the jugular vein near its junction with 
the shoi t j[>recaval vein. Fohman * describes otlier and minor com- 
munications between the absorbent and venous systems of Fishes, 
as, c. g., in the gastric and intestinal plexuses in the Sheat-fish 
and Turbot. Tlic lyinjihatic system <jf the caudal portion of the 
body is chieily received by two caudal sinuses, intenxmnnnnicating 
by a transverse canal, wliich sometimes perforates the base of the 
anchylosed compressed terminal tail-vertebra. 

The lymphatics of Fishes consist generally of a single tunic : 
a most delicate epithelial lining may be distinguished in the 
larger trunks. The only situations whm’o valves liave lieen seen 
in these vessels arc at the tenninations of the trunks in the 
caudal and the jugular veins. Tliorc are no lymphatic glands : 
those arc inprcseutiid by the large and numerous [ilexuses, and 
possildy by the glaud-like layers or substaiu‘es al)ove-nieutione(L 
The chyle as well as the lymph of Fishes is colourless and 
transparent: the jilasmic corpuscles or Ijnupli-cells are few in 
number.^ The analysis of the lymi>h in Fishes is still a 
desideratum. 

§80. Ahsorhents of Iiepfile,s\ — In the intestines of the Frog 
and Salamander the lacteals form a network of large canals, 
with minute or close meshes co(',x tensive with the rnueous 
membrane ; the vessels continued therefrom acconi|)any tlic 
mesenteric arteries, sometimes forming a pair, runulug along 
opposite sides, with occasional connecting cross-branehes ; more 
commonly having those so numerous as to constitute a continuous 
reticulate sheath about the artery, the cavity of which sheath 
seems, in some ])arts, to be only jiartially divided by cross 
threads.'* Tliese lacteals, or intestinal lymphatics, opciu into a 
receptacle at the dorsal line of reilection of tlie mesentery, of 
large size in the Frog, but contracted and assuming rather the 

cv. 

In cxLv. tliese Ijinph-corpnsclos arc described as ‘centres of assimilative force, 
manifesting iniierent power of dcvelopcmcnt and change, sonic being granular, others 
with a capsule and in the condition of nucleated cells,’ p. 249 (IS46 ). Prof. Kollikcr 
testifies to the fissiparous multiplication of the lympb-corpuscles in the lacteals of the 
dog, cat, and rabbit. The corpuscle, in the condition of the nucleated cell, elongates, 
the nucleus divides into two ; between wliich the cell contracts and liiially divides 
(coLxii. p. 03V). In Fishes the nucleus undergoes further subdivision before tlio 
fission of the cells takes place. , 

CCLVI, p. 249. 
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form of a ^ thoracic duct’ in the Newt; it proceeds along the aorta 
in both, cominnnii'ating with lymphatic canals near the liver, and 
dividing anteriorly, to accompany the right and left aortic anhes, 
and to receive the lymphatic conduits from the head and fore-1 irnhs, 
before tcrniinating in the subclavian veins. Some of the vessels, 
both arteries and veins, of the trunk have a similar lymphatic 
sheath, but the principal conduits t5f the lymph, in the Batnichki^ 
have the form of irregular sinuses or laeiiiiie, of great capacity 
l)ctwcen the skin and tlcsli, and of smaller size in tlie inter- 
muscular sjiaces of the limbs.* Air or liquid introduced into 
these lynudi-receptacles finds its way into the veins by the aliove, 
and perhaps other, communications. The lymphatics of the 
hind-part of the body and limbs conmuinieate with a pair of 
suhcutaiicoiis receptacles, with contractile walls, behind eacli 
femoral jciint ; there is a similar pair in front of the scapuho.^ 
Hiesc recej)tacles have a siibrhytlunieal action, not synchronous 
with one another, or with the ]nilsations of the heart, or with 
any of the movements of respiration, which in Batracliia arc 
degliititional c]u(.‘ily. 'fhe muscular fibres of tliese Vlyinph- 
licarts’ are of the .strij)cd kind,^ The cervical pair transmit 
their lymph into the jugular veins, and distend them at each 
systole. The pelvic lym[»li-licarts have l)ccn seen to pulsate 
sixty times in tlie mliivite in a frog."* In the large Ceratophri/s 
enrnutd two jiairs of ischiadic lym])h-hcarts have been found.^ 

In the Tortoise the pelvic lymph-hearts are two, of a more 
circumscribed rounded form, situateil on each side of the bodies 
of the vertel.)ra% between the femoral joints and the hind-border 
of the carapace ; the valves at the inlets and outlets of the 
lymph conduits, impressing the course of motion of the fluid, 
are here readily kSccti.*'* lii Ijizards and Crocodiles the pelvic 
lymph-hearts arc situated near or upon the diapopliyscs of the 
fii*st caudal vertebra. In Pseudopus PaUasii they lie between 
the muscles upon the sacral diapophyses, receiving the lymph 
each by a single conduit from the great abdominal sinus, and 
transmitting it to the umbilical veins ; they pulsate about fifty 
times in the minute.^ In true Herpents c. g.) fiie 

lym|>h-hoarts are elongate, and situated behind the last pair of 
ribs and upon the rib-like diapophyses of the anterior caudal 
vertebric; they receive the lymph by three orifices at one end, 
and transmit it by two opposite orifices, to conduits com- 


* ccLvn. p. 28^ 

* JLXXIV. * Ib. 


‘ CCLV. p. 89. 
® CCLV. pi. 1. 


^ CCLVUI. p. .08. 

’ CCLIX. p. 25, 1>1. .‘J. 
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muTiicating with the caiuhil vein. The three tunics of these 
hearts, of wliicli the middle one is muscular, with the inferent 
and afferent valvular structures, arc well displayed in the 
Python.* 

The intestinal lyinphatics, in Serpents, open into a large 
receptacle, extending along the root of the mesentery, beginning 
near the vent where It is narrow, receiving the lymphatics of 
the tail, and extending ft >r ward, greatly expanded, as far’*as the 
stomach, where it forms a ciil -de-sac. This receptacle is reflected 
about tlie aorta, wliicli seems inclndcd in it, and receives the 
lymphatics of the genital organs, kidneys, and intestines. Before 
reaching the stomach, it sends ofl‘ a plexiform conduit, which 
receives the lyiiijihatics of the pancreas, s])leen, stomach, and 
liver, the latter gland being more or less completely sheathed by 
the lymphatic receptacle; this then contracts into an irregular 
canal as it approaches the iiericardium, where it terminates in a 
cul-de-sac, but transmits the lymph by several lateral vessels to 
a large phixus iicai* the great vessels of the heart. The above 
coutinuatiou of the abdonuual receptacle has been called the 
‘ riglit ’ or ‘ inferior ’ thoracic duct. The ^ left ■ or ‘ superior ’ or 
^dorsal’ thoracic duct leaves the great receptacle nearer its 
anterior extremity, by three or four conduits, and advances along 
the (:cso|)hagus to the pericardium, anastomosiug with the right 
duct, by transverse cliurmels. Oji reaching the |)ericardiimi, the 
left duct divides into two channels, wliicli reunite in front of 
the jiericardinm, and join the lympiiatic plexus about the great 
vessels, from wliicli the lymph is conducted by two or three 
terminal trunks to the two grt*at precaval veins.- 

In Ckdonia the cliyle is absorbed into a stratum of intestinal 
lym])hatics, whicli, in the form of a close network, lies lietwceu 
tlie muscidar and inucons coats;** from this the conduits jiicrce 
the muscidar tunic, and aflcirt a longitudinal course on the 
exterior of the gut until they (jult it, accompanying the me- 
senteric bloodvessels to tlie great chyle- and lymjib-receptacle, 
fig. 307, C, c, which extends ironi the middle of the dorsal jiart 
of the abdomen backward to between the vertchraj and rectum. 
Here it receives the lym|)hatic.s of* the hinder limbs and tail, and, 
in succession forwards, those of the cloa(‘a and its appendages, ib. 
ir, u, of the kidneys, il). o, of the genital organs, ib. n, and intes- 
tines, ib. V ; it presents the same quasi-capsular relation to the 


' CCiiX. p. 538, pi. 13, figs. 7, 8, 9. 
’ XX. YOl. ii. p. 17, nos. 850-858. 


^ CCLVIT. p. 15. 
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aorta as in Batrachiciy and bifurcates anteriorly, the divisions 
inclosing the right and left pulniojiary arteries and aortic, and 

.307 



Vistvri. in situ, ^’l■eIl from bflilud, m itli tlm lyini-li rci rptnolr ( /;<«//*' mrcjWiK xxx vm. 

terminating at the beginning of the two prccaval veins, by 
elli|)tical orifices guarded by valves. The lynijdiatic system of 
the trunk and limbs aflects the form of irregular plexuses and 
dilatations. 

The lympliatic system in Larerf/Un i*esembles in the main 
that of Ophidia and Chehrma, In Crocodilia there are scwral 
signs of advance. Hunter^ noted the Avhile colour of the chyle : 
the ‘ rcceptaciilum’ is more circumscribed; its anterior divisions 
arc more vasiform, more like ‘ thoracic ducts;’ there is a compact 
gland-like plexus of hictcals at the root of the mesentery. At 
the base of the tail the lymphatics surround the artery and vein 

• * ocxxvi. vol. ii. p. 335. 
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by a large plexus, filliug up the bscinal caual ; they present also 
a plexiforin ehnractcr at tiie axilhe and base of the neck, about 
tlic jugular veins ; but the vasifonn character Is generally better 
marked In the lymjdiatics of the Croco<lile than in lower llcptiles, 
and the valves occur more freipiently. 

The lym[)h-(!orpusclos arc very few, and rarely visible in the 
lymphatics of the tail oi‘ the Tadpole, but were numerous in the 
lymphatic canals Jicar the liver in Salmnaudra. l}y carefully 
puncturing the large sulKuitaneous lymph-reservoirs of the Frog, 
at tlie uj»per part of the thigh, the pure fluid may be obtained 
from the living animal : but analysis of lympli has cliicfly l)ecn 
performed on the larger quantiti(\s dis(Jiargcd from artificial 
fistuhe of the thoracic duct in the Horse and (^)w, and its results 
will be jj:iven in connection with the Mammalian class. 
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CHAPTER Vll. 

ClUCTJLATrNG AND REBPfllATOUY SYSTEMS OF iryEMATOCJlYA. 

§ 81. Blood of Fishes . — The red l»Iood of Vertebnites owes 
its cohnir to the alhiimiooid snhstunee called ^ luematosiiie, 
existing iii the discoid corpuscles called blood-globules,’ ^ blood- 
cells,’ or ^ blood-discs.’ These float in tlic light straw-coloured 
fluid called ^ jdasuia,’ which consists of water hokliiig in solulion 
proteiiie prindides, hydroearbonates of the fatty nature, saccharine, 
and saline matters. The wateiy solvent predominates in tlie 
blood of Fishes and Batrachians. The ^ju’otcine’ basis exists 
under the combinations termed ^albumen’ and ^ tibrin.’ 

The blood-discs in Fishes are commonly of a full elliptic shape, 
as in the Cod, flg. 8, //, and Skate, flg. 8,//, p. 4 : but in the 
Jiamprey and Ammocete they are nearly (drcular. In the Myxine, 
however, they are elliptu*, and some are fusifoi*m. They present 
thgiiirgest size in the Sharks, but arc smaller in them in pro[)ortion 
to the body, or mass of blood, than in Batrachia.* Besides the red 
discs there are the larger white corpuscles in the blood of Fishes as 
in that of higher Vertiibrates, but in less projwrlion than in Sau- 
rians, Birds, or Mammals. 

The eoin])arison of main physioh)gical importance between the 
blood in diirerent groups of Aknlebrates, is that which relates to 
the |)roportion of the organic matters contained in the Ayater, 

Prevost and Dumas expressed the general results of this com- 
parison of tlie blood of tlie cold-blooded classes in the following 


•TAULE OV THE EKuroKTlOX OK WATEif, CLOT (ULOOD-DISCS AND FIUHIX), 
ALJU'-MEX, AM) SALTS. 
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' Sec ccxxxjx. tom. i. p. 81), for the dimensions, in fractions of a miUemeter, of the 
blood-discs of Fishes. 

* COLXV. p. 04. • 
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Dr. Joseph Jones ^ has pushed this kind of* analysis further, as 
shown hy the subjoined table. 



Moist Bi-oou-dimcs 

Plakma 


Total 

Wiitc-r 

Solid 

AfaU-ers 

Total 

AVcifrlit 

WhUt 

Solid 

MatUrs 

Zyr/fima (1 lammov-sliark) 

Ijtpidosfetis (Oar-fish) . 

Sa/z/iofario (Trout). 

Lota hiolva (IJurhot) 

Anguilla latirostriH (Eel) . 

2a;c44 

22000 

275-20 

102-40 

24000 

220-08 
171-75 
20()-10 
; 144-:10 ! 

! 180-00 j 

73-80 
57-25 
08-80 
■lS-10 
' GO-OO 

700-50 

771-00 

041-00 

711-05 

05-50 

50-05 


§ 82. Veins of Fishes, — As the blood inovOvS in a circle, it 
signifies little at what point we connneiice the dcscri])tion of the 
parts ill wdiicli it flows. But as, in trailing the ]H-ogress of the 
nutriment througli the organs eonecriied in its (diylification and 
sanguification, we were led by the lymphatics to the veins, wc 
begin w'ith them the account of the circulating system in the 
present class. 

The tunics of the veins of Fishes are unusually tliin, and their 
valves few : thougli commonly in tho form of tid)cs, yet they more 
frequently dilate into sinuses than in the liigher classes, and trac.es 
of the diffused condition of the venous rcce])tacles, so coinnion in 
the Invertebrates, are not wanting in Fishes ; as, for example, in 
the fissures of the venal organs, where the veins seem to lose their 
proper tunics, or to blend them with the common cellular tissue 
of the part; and in the great cavernous sinus beneath the alnlo*- 
minal aorta, receiving the renal and genital veins in the ]^am])rey. 
The jugular veins of Osseous Fishes and the luqiatic veins of the 
Kays form remarkable sinuses. The very delicate fibres of the 
proper venous tunic affect a longitudinal disposition: and in imtny 
of the veins of Fishes the walls show i>iginent, usually in the form 
of stellate cells. 

The veins of Fishes constitute two well-defined systems; viz. 
the ‘ vertebral ^ and the ^ visceral,’ answering to the division of the 
nerves and muscles into those of ^aninial’ and ^organic’ life: the 
portal system is a snbdivison of the visceral one, but also fre- 
quently includes part of the vertebral system of veins, especially 
in the Myxincs, in which tlie portal sinus foriUvS a eonunon meeting- 
point between portions of both systems.^ 

The capillary system of vessels consists in Fislies, as in otlicr 
Vertebrates, of minute but similar-sized tubules, capable of carrying 

* CCXLV. p. 27. Kulzius, in xxi. ‘ Gcfasssystcfli,’ 1841, p, 10. 
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.‘I .single file of blood-disca, and comiccting the tenniiiation of the 
arteries witli the corameneeinent of the veins, figs. S28, 329. 

The vertebral system of veins coinnienccs by a scries of capil- 
lary roots ill the intcgiiiuents and muscles, which unite to form 
braiK'hes corresjionding with the muscular and osseon.s .segments 
of the body: the.se ‘segmental’ veiins consist, in the tail, of ujiper 


or jfeural, and lower or luemal 
branches ; in tlie abdomen, of 
iipj)er and lateral branches; in 
llie head, where the vertebral 
segments are more modified, the 
veins manifc.st a les.s regular 
and appreciable eorresjKindence 
\vilh tliese segments. The ce- 
pliali(‘. veins, returning the blood 
from th(^ cranial vertelirie, their 
appendages and surrounding 
.soft |)arls, from the brain, the 
organs of sjiecial sense and their 
orbits <n; jiroper cavities, from 
tlie inoiith and pliurynx, and, 
nicelviug also the whole or part 
of the ‘veme nutritke’ from the 
brancliiai arches, unite together 
on each side to form a pair of 
‘jugular ’ veins, fig. .308, each 
o.f which usually dilates into a 
larger sinus, and again contraels 
and resumes the vasil’orm cha- 
racter, as it di'scends to licneath 
the pava])Oj)liyscs of the atlas 
and axis, in order to join tlie 
corresponding trunk of the ver- 
tebral veins of the hody.^ This 
great trunk, called ‘ vena cardi- 
nali.s,’- fig. 308, v, conmienccs 
at tlie lia.so of the tail-fin. 
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Avhere it receives blood, and some aftinu also lymph, IVom the pul- 
sating 8ac there prc.scnt in the Eel-tribe. The vein-trunk is 


* til tljc Lanii)rcy the corresponding jugular trunks lie above the aponeurotic repre- 
.scutiitives t)f tho vertebral para]K)]>byse.s. 

^ ^ ‘Ea vcine cave’ of Cuvier; but it is not homologous with cither the ‘ inferior ’ or 
superior vciue eavie’ oT Man. 
vor. 1 . 
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double, there beiiig one for each side of the body, and both right 
and left ^ veiue cardinales^ extend forward, In close contact, along 
thehannal canal In tlie tall, then through the abdomen, andlubolli 
regions iinmodlately beneath the aorta and vertebral bodies, to near 
tlie first vertebra, where each trunk diverges and dc^scends to join 
Its corrovSpoiuHng ^ vena jugularis,’ fig. 308, ??, forming tlie shoi t 
‘ preeaval ’ vein,^ lb. v, which empties itstdf in the great aurii'ailar 
vsinus hotween tlu* aponeurotic layers of the pericardial and abdo- 
minal st'ptum. In the Lamprey the vena cardinalls is single along 
the tail, but it bifurcates on entering the abdomen into two v(‘lns, 
eacli of which is six times as large as the aorta. "Flie left cardinal 
vein is larger than the right in the JMyxinoids: hut the SNoiimc- 
trical disposition of the vertebral venous syst(*m Is more dlsturhod 
in many Osseous Fishes, at the expense of the right side ; the right 
cardinal vein, after some transverse connecting channels with the 
left, finally terminating or losing itself therein anteriorly: ])art of 
the right jugular vein, also, In this case enters the lci*t or common 
cardinal vcin.’’^ In the Tunny the two veinc jiigularcs ’ unite and 
form a conuiioii trunk, which ontors the aui*icular sinus indepen- 
deiilly.* Tlic Sliad, the Pike, and the Lneioperca are examples 
wdierc the jugular veins jya* symmetrical, and terminate distinctly 
in the preeaval veins. With regard to the verteliro-venal system 
of the trunk, not all the segmental hranches terminate in tin* 
^ vena cardinalis ; ’ the Jicural twigs form with the myelonal veins 
a trunk which runs jiarallcl with the eardliial veins, hut above 
the vcrtelnal Ixxlles in the neural canal. Tliis trunk, the " va-iia 
neuraHs,' communicates by short lateral and vm’tical canals w'ith 
the veme canlinales, and in the region of the ahdonieu thcstislnn*! 
anastomislng veins perforate the suhstance of the kidneys, and 
rcceiv(^ the M*cnal veins’ before terminating in the alxlomlnal 
cardinal- vei»is. The neural vein gradually exhausts itself In 
these descending braiurhes, and does not extend to or terminate 
anteriorly* in the preeaval trunk. Jacobson, observing that the 
al)doinInal ana;stomotl(5 blanches of tlie neural vein, in translerring 
its contents to the cardinal veins, |)erforateJ tlie kidneys, thought 

* Dfwtufi Ciwirri, Kathke; quervemnstnrnmc^ Milllcr. The preeaval veins arc tlic 
homolo^^nes of the two ‘superior eavas’ in Eeptiles and Birds, wliieh receive the so- 
ciillcd ‘azy 1 : 50 s’ veins or reduced homologucs of the ‘vena; cardinales’ of Fishes: in 
the hij^her Mammals and in Man they arc concentrated into u sinj^le ‘ superior vena 
cava,’ rcccivinfj the ‘ vena; cardinales ’ by a common trunk, thence called ‘azygos ’ in 
Anthro]>otomy. The anatomical Rtudent is usually introduced to the cardinal veins., 
as represented by their sinj^lc homoloj^uc in the human subject, where their normal 
symmetrical character becomes masked by an extreme modification, and where the 
imrno ‘ azygos ’ is applicable only to so exceptional a condition. 

' XAi. p. 38. 3 jij p ^ 7 ^ 
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that those branches ramified in the renal tissue, like Ihc porttil 
veins in tlie liver; but my observations concur with those of 
Meckel and Cuvier,^ in showing that they rather receive or com- 
inunicatc with tlie renal veins in transitu in Osseous Fishes. In 
the Lamprey the renal vein assumes the form of a cellular or 
cavernous sinus, of a very dark colour, extending along the 
mesiM margin of the kidney, uniting with its lellow posteriorly, 
and coimnunicating l)y small orifices with the contiguous cardinal 
vein. 

The visceral system of veins commences in Osseous Fishes by 
llic ca|)il]arics of the stomach and intestines, of the pancreatic 
CLcca and s])leen, of the generative organs and air-bladder: tliese 
by progressive union and reunion, (*onstitute eltlicr a single trunk 
wliieli forms the portal arterial vein, fig. .‘108, of the liver ; or, 
as in the Pcrcli, a second trunk, the true liomologue of tlie ^ in- 
ferior vena cava ’ which returns the blood iroin the genital organs 
and air-bladder to the auricular sinus, without previous rainifica- 
tion in the liv(;r ; the portal trunk being foi-mcd only by the veins 
of tlie alimentary canal and its appendages. Tlie ])ortal trujik is 
single in the Jung, tlie lUivbot, tlie Pope, the Eel, tlie l-»amprcy, 
and the Plagiostoines ; hut, in the Carp, where the lobes of tlic 
liver intm'lace with tlie convolutions of the intestine, the veins of 
this canal pass directly into tlie liver liy several small branches, 
wliich ramify tliorein without forming a portal trunk. 

In the Plagiostoines with the longitudinal sjiiral valve the main 
root iS the ])ortal vein is concealed in the free, lliiekened, muscu- 
lar margin of that valve : ^ the trunk of the intestinal vein is 
lodged also in an internal fold of the mucous coat in the Laun>rey : 
in the Plagiostoines and GaiioulvS with transverse coils of the spiral 
valve, the venous blood is collected into an external intestinal vein. 
In the Pa<Idle4isli tills vein joins the vein of the spleen (fig. 2 76, 
//), and then, Avith the duodenal, pancreatic, and gastric veins, 
forms the portal trunk. 

Professors Eschrieht and Miillcr^ fonnil, in the Tunny, that 
the veins of the stomach, intestine, jiyloric a|)|)cntlag('s, and 
s[)h‘en, respectively subdivided into numerous minnte veunlesf 
which interlaced with corresponding M’ctia mirabilia’ of the 
arterial branches sent from the cmliac axis to tlie same viscera, 
and formed pyriform masses of vessels belbrc entering the liver. 

In a few Osseous Fishes, as the Shad, some of the (aiudal 
branches of the vertebral system of veins anastomose >vith tlic 

* xxiii. p. 68^1 * xcYiii. p. 274, ^ cm. 
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veins of tlie rectum, and thus form part of the roots of the portal 
systein. Ihit the most interesting* modificiition of the portal 
system of Fishes is that discovered by llctzius in the {llutinon.s 
llag\ In this and also in other Myxinoids, the genital and intes- 
tinal veins form a ooimnon trunk along the line of attaehuKmt of 
the mesentery : all the gastric veins that do not empty tliemselves 
into the cardinal vein also join tlm great mesenteric vein. 'J'his 
vein advances to the space between the pericardium and theriglil 
suprarenal body, receives the anterior v(‘iii of that I)ody(its )X)stcrior 
one joining the cardinal vein), and dilates into an elongated sinus, 
which is said to contract, as if it were a ])ovial heart. The ante- 
rior part of tins sinus receives a vein from the riglit anliu’ioi- 
]>arietes of the body, which is formed l)y the union of all those 
of the muscular parts there wliicli do not join the riglit jugular 
vein : the portal arterial vein is sent off IVom the posterior end of 
the pulsating sac, near the entry of (he mesenteric vein, and goes 
backward to beneath tlie two livers, and ilicrc divides, enters, ;vn-l 
ramifies in catdi. The liepatic vein of the hinder and larg(.‘r liver 
enters the common trunk or sinus formed by the union of tlie two 
cardinal veins with the left, jugular : the hepatic vein of the smaller 
liver joins the termination of the left jiigidar vein, and they toge- 
ther end in the opjiosite side of the same common sinus. 

In llic Plagiostomes the right jiigiihir and cfirdinal veins unite, 
and, receiving the vein of the jiectoral tin (lirachlal vein), and :» 
superficial vein from the licad (external jugular), form a short 
transverse ‘ precaval ’ trunk. A eorresjiondljig prccaval triiidv is 
formed in the same Avay on the left sid(‘, and the great auricular 
sinus is constituted hy these and by the wide hepatic veins, which 
contract before tliey terminate. In many Osseous Fishes, as 
Salmo, StJnrus, Belonc, Awjullhi, Aunuodi/tCii, and Accljujii.'^rr, 
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the hepatic veins terminate in the 
common sinus by a single tninlN ; 
in otlicrs, as Th/pmus, Ondus^ 
J^Jso.v, and Pkunmrcfes^ by two 
trunks; and in a few Fishes, as 
Vlnpmy Cottas, and certain Oy * 
jirlnoids, by three or more trunks. 

The jmlsatile sac in the Jud, 
fig. 309, is situated near tlie 
heginning of the cardinal vein 
on the liiemal side of the caiulal 
vertebne at the end of tlie tail. 
It is of a ‘yellowish colour, 
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(•liecr|uorc(l more or less with stellate pigment; in shape fusiform, 
iig. 309, A, or pyi'iforin, ib. li ; at the distal (md it is eonneeted 
witli a small vein, e, whieh colleets the blood from the capillaries 
of llie tail, //, d' : at its- jn'oximal end it is conneeted willi the 
rommenc.ement of the cardinal v(‘Iii, h. The blood, vvhi(ih is deep 
red,vOd^'^^‘^’‘^ <*ontiimoiis stream from e; it 

is forced out at each coiitj’actlon in aii interriij)tc<l current, (juickly, 
in successive {portions, into where the movement soon Ksubsides 
into a continuous stream. During the systole the veins c and h 
are lengthened, being drawn out; in the diastole they resume 
llieir size, and assist in clougatiiig the sac; whieli, both by 
its contents and connections, is to be regarded as a ^venous 
lieart.’* 

Thus In Fishes tlic chyle, having already begun to manifest its 
lndej)endent life by tlie dcvelojunnent ol* distinct mi(rrosc(»[)ic 
granular <;orpuscles, as ])riinitive centres of assimilative force, 
heforc it enters the lacteals, undergoes in those vessels and their 
receptacles a further stage of conversion into blood ])ythe reaction 
and, as it were, iinpregiiat iou of llie lymph, and by the ijitcrchangc 
of j)roperties therewith: the vitalising stimulus of which inter- 
<*haugc and rca<*.tiou is manifested by the repeated spontaneous 
fission of the corpnsides, many of which now acrpiire a ca[)sule, 
and thus become umdei of cells. TIkui the mixed cliylo and 
chyme enter the vifuis, where a farther Iiitercliange of proj)crtIes 
with the venous blood and a new course of action and i*(‘actlou 
ttd<(‘s place, '^riie ]>nmitive [)ale chyle-corpnscles are here few in 
numl>er; they hav<^ a capsule, and the graiiular character of their 
eont(*nts sliows tlnan to he in the course of (diange. The venous 
blood nndorgocs some change, probably, in its passage through the 
kidnevs, by virtue of the anastomoses of the renal vascular 
system : it undergoes further change in its circulation through 
the llvei-, in so far as tlic bile, a fluid highly charged with 
earhou and liydrogeu, is eHminatcd from it ; that in some lislies 
( AljjxiHC^ Bddlostonift) a contractile receptacle accelerates its 
(MHirse through the p»)rtal circulation. The venous blood now 
s1h)ws a marked accession of coloured corj^iisclcs ; and it lijis 
finally to be submitted to the influence of the atmosphere, and 
es|>ecially to the reaction of the oxygenous element ; and for this, 
the most important and efliclent cause of its couvorsiou into 
arterial Idood, a eontraciile cavity, with strong muscular walls, is 
jn'ovidei!, in order to impel the blood to tlic organs especially des- 
lined to eftect iisjidecarbonisatum and oxygenation. 

' CXLV. p. 253 (184G). 
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§ 83. Heart of Fishes , — The propelUng organ is called the 
‘ heart,’ fig. 308, ii ; the resi)irat(>ry org’ans the ‘ gills ’ or branchiie, 
il), B, hi fig. 312, 1, g; fig. 323, 2 , 4 , r> ; they submit the blood 

to the influence of the air through the medium of the water in 
which it is suspended or dissolved. 

Tlicrc is only one known fish, \i7.. the Tiancolct, In which a 
venous or branchial heart is not developed as a compact and j)re- 
domlnaiit muscular organ of circulation : a great vein answering 
to the ^ vena cardinalis ’ extends forward along the caudal region, 
beneath the chorda dorsalis, above the kidney, fig. 109, h; and as 
it extends along the l)ranclual oesophageal sac gives vessels to or 
receives them from the ciliated vertical bands or divisions of that 
sac, which vessels communicate with a vasculnr trunk along the 
inferior part of that sac. This trunk at its posterior end dilates 
into a small sinus, or, wdiich pulsates rhythmically, and rc})resents 
rudimentally the branchial heart of tlio Myxinoids: the cardinal 
vein, ba, divides anteriorly, and supplies the short vascular pro- 
cesses, ////, which [iroject above the ])haryngeal orifice, />//, into ihc 
wide buccal cavity: the. blood oxygxmized iii lhe>se processes is 
transmitted to tlie cerebral [jortion of the neural axis, to the 
organs of sense, especially the sensitive integument of the head, 
and to the jointed la))ial ten taenia,^/’,/, wlionce it ndurns to the 
pharynx by the labial vessels which there unite togetlier, and with 
t he inferior trunk of the vascular system, or arches, of the branchial 
pharynx. 

I n the Myxinoids a heart consisting of an auricle and a ven- 
tricle is situated, like the judsating tube or sinus of the Lancelot, 
lar back from the liead, in the Ixiginrnng of the abdomeji, wboic; 
it is inclosed by a fold or dupllcatun? of the peritoneum, exteiidii‘g 
hetween the cardiac end of the a^sopliagus abcivo, and the anterior 
liver l)elow, and forming the homolognc of the pericardium, which 
sac communicates freely by a wide opctiing with the common 
peritoneal cavity. The auricle is much longer than the ventricle: 
it receivijs the blood from the common sinus l>y ait orifu^c defended 
by a double valve. The aiiricl<3 coinmiinicates with the left side 
01 the rounded ventricle, the ^ostium veuosum ’ having also a doubhi 
valve. There are no ^ colummc earnea^ ’ or ‘ chordic tcndineie.’ Tlie 
artery, single here as in all Fishes, rises from the fore-part of the 
ventricle wdth a j)air of semilunar valves at the ostium arteriosiini ’ 
bcliind its origin, beyond which it slightly dilates, but has m) 
muscular parictes constituting a ^bulbus arteriosus.’ In a largo 
Myxinoid {Bdellpstoma drra.inm^ l)um.) the vest'd from the heart 
divides at once into two brajichial trunks, reminding one of the 
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separate brancliial arteries of tlic Ceplialopods.^ In other species 
of Bdcllostoma the arteiy extends beyond two or three pairs of 
gills belbrc it bifurcates; and Muller‘S saw one instance in the 
Mjiximi (jhttinosa, where the branchial artery 
continued single as iiir jis the anterior gills. 

'j^ie ])ericardiinn of the Aminoccte com- 
municates by one wide orifice with ^tho peri- 
tmieum : that of the Lamprey is a shut sac, 
and is su|)poi‘ted by a perforated case of 
(‘artihige, formed by the last modified ])alr of 
branchial arches, fig. SIO, nu Not any of the 
I)ermoi)teri possess the ‘ bulbus arteriosus : ’ 
this is present, and forms, as it were, a 
third compartment of the heart, 31 1, r>, 
beyond the ventricle, ib. A, and auricle, ib. 
c, in all other Fishes: nay, if wo include 
the great ‘ sinns communis,’ ib. l), as part of 
Ihe heart, then we mtiy reckon four (iluim- 
bers in that of Fishes; but these succeed ^ 

(.‘ach other in a linear scries, like the centres 
of the brain, and their valves are so disposed 
as to imia-css one course upon the same cur- 
rent of blood from behind forward, driving 
it exclusively into the branchial artery and 
its ramifications. This is very dilferent 
from the arrangement and relations of the 
four com|)artments of the human heart. 

Physiologically tlic heart of Fishes answers -rin^Lniiu-ny 

to the venous or ])ulmonary division, viz. 
the right auricle and ventricle of the mammal Ian heart, and 
its quadripartite structure in Fishes illustrates the law of vege- 
tative re|)elitIon, rather than that of true physiological com])li- 
cation. The auricle and the ventricle arc, however, alone [)ropcr 
to the heart itself: the sinus is a dcvelopement of the termination 
of the venous system, as the muscular l)ulb is a superadditiou to 
the commencement of the arterial trimk. The heart of Fishes 
with the muscular brancliial artery is the ^ homologue’ of the left 
auricle, vcntjicle, and aorta in higher Vertebrates ; but it ])erforms 
a funct ion ‘ analogous ’ to that of the pulmoiuc auricle and ventricle 
in them. 

Some of the higher organised Fishes, which present the normal 
structure of tin; heart, have, like the Myxinoids, a ]>erforated 
‘ XX. vol. ii. p. 78, prep. no. 1018. “ xxi. p. 9. 
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pericardium. In the Sturgeon tlic commuiilcratiou with tlie pcivl- 
toueuin is hy a single elongated canal extending along the ventral 
surl’ace of the cesophagus. In the Planlrostra and Clilinieroids 
the pericardio-peritoncal canal ivS also single, lu the Plagiostoines 
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it hifuroarcs, after leaving the peiieardiinn, into two canals, whii’li 
diverge and 0 ])cn into the peritoneum, o|>|)osite the (md of llie 
fcsophagus : no ciliary movements have been noticed on I In' 
siirtacc of tliese remarkable conduits. I'hc serous layer of the 
p(’i‘icardium is d(*fendod l)y an outer aponeurotic (.*oat in Osseous 
Ilshes and Plaglostonu's, which adheres to the siiiToundiiig parts. 
Tn the Sturgeon, AVoIf-tish, Loach and .Muriena, short Jibrous 
bands supporting vessels pass from diHei’cnl: parts of the |)cii*- 
cardium to the surface of the heart: inmost otlier llslies th(‘, ln'art 
liaiigs freely except at the two o])puslte poles, viz. where tin; 
sinus communicates witli the auricle, ami where the bulhiis 
arteriosus is continued into the bramdiial artery. 

In the J^l/igiostojues the sinus itself is situated within the peri- 
cardium ; hut in Osseous Pishes between the layers of the ])osterioi' 
aponeurotic ])artition het\veen it and the abdomen. The heart is sit- 
luiicd below the hind-part of the gills, and, as these are more coiu'cn- 
trated in the head in all hashes above the I)ermopteri,so the jiosit ion 
of the heart is more advanced, fig. 308, ii. In the Plaglostonios, the 
Sturgeons, and many Osseous lushes, c.g. the Percii, the Angler 
(.Aryp/i? and the Suii-fish ( the orifice hy which the 

greatsinusc(>mmunicatcs with tlie auricleisgiiarded l)y twosemibmar 
valves; but tJiese, are far from being constant ij\dhe Teleosiomi. 
The auricJc, when distended, is larger in 2)n)por(ioii to the veiitriclc 
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in Fislios tlian in hip:hcr Vertebrates. Its relative position to the 
ventricle varies In dilFcrcnt species, and perinancntly represents as 
many similar variations dis}>layed temporarily durini^ the course of 
the heart’s developcmeut in birds and mainmals ; thus in the heart 
of Scorpama scrofa, as in the Myxinolds, the auricle is ])Osterior to 
aiuj^in the same longitudinal line with the ventricle: in the 
rercli, lig. 311, c, Carp, Sole, and Eel, it has advanced to the 
same transverse line, on the dorsal and left side of the ventricle : 
ill the Sturlonidie and other Canoids it extends more forward, 
dni-sad of both ventricle aiul bullnis arteriosus, and the heart, 
Including the venous sinus, is now bent into a sigmoid form. The 
walls of the auricle arc membranous, witli thin muscular fasclcidi 
decussating and forming an open network; but tliese are closer 
and stronger in tlie Sun-fish, Sturgeons, and Plagiostomes. I'he 
cavity is siinjile, lint its inner surlace is much fasciculated in tlio 
Suii-iish and Sturgeon, wliere the ends of the valves of the sinus 
arc attacluMl to the strongest muscular bauds. Only in the 
Lepidosiren is there any vestige of a septum, and this is reticu- 
Iat(\ Tlic auricle coinmuiiicates by a single orifice, commonly 
with the dorsal or the anterior jiart of the ventricle : (his is 
guanlod usually by two free semilunar valves ; but in the 
Sturgeon, their margius and their surface next the ventricle are 
attached to lumierous ‘ clionhe tendiiuw.’ In the Orthagoriscus 
the auricular ajierturc is guarded by four semilunar valves, the 
two snudler ones being placed at riglit angles with and on the 
auricular side of the two larger and normal valves : tl\cir margins 
arc free?. 

The ventricle, fig. 311, A, usually presents the form of a Ibui’- 
sided j)yramid, one sld(^ dorsad toward the auricle; one angle 
veutrad, and the base forward. In the licpidosleus and Poly- 
j>tcrus, however, It Is pyriform : in the l^ike it is lozcuge-shapcd : 
in the Lophius, as in the Myxinoids and Lam[>reys, it is oval: in 
m«)st PlagIost( Miles its transverse diameter is tlie longest, as if 
jireparatory to a division. Its cavity is, however, simple in all 
fishes. Tlie parietes of tlie ventricle are very muscular, and the 
fibres arc redder than those of any other ]>art of* the inusciflar 
system ; but the colour is less deep in the ground-fishes than in 
those that swim nearer the surface, and enjoy more active loco- 
motion and respiration. The exterior muscular fibres decussate 
and Intiwhiee together irregularly and inexlvicahly ; hut the 
<leeper-seated ones form more regular layers, the innermost being 
irausverse and pircidar, and separating readily l>y slight decom- 
position from the outer and more longitudinal layers. Some of 
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the internal fiisciculi send off the ^ chords tcndinero’ above men- 
tioned in the Sturgeon ; but in almost all other fishes those 
^ chords ’ arc absent, and the auricular valve is free. In most 
Osseous Fishes the orifice at the base of the bulbus arteriosus is 
provided with a pair of semilunar valves: the Sun -fish (^Orflinf/tH 
has four such valves there.* But the Ganoids, TTolocepbali, 
and l^lagiostomes have two or more transverse rows of semilunar 
valves attached to the inner surface of their long and muscular 
bulbus arteriosus. There are two rows of three valves in the 
Grey Shark (Gahifs), in the Blue Shark in the 

Dog-fish and in the Chima".roids : the lias two 

rows of six valves : in the genera Spfu/rna, Mustdus^ AemUhins, 
Alopias, fAimna, Ilhinohatvsy Torpedo^ and Accipensrr^ there are 
three rows of valves: the Sturgeon’s heart- shows five valves in 
the anterior row, and four valves in each of the other rows ; ainl 
the free margins of the valves are <‘onneclod by sliort ‘ ehordje 
tcndimMe ’ to the parietes of the bulb. The genera a*, 

Jfcplanclim, Centra phnr us, and Triiijan liave four rows of valves. 
The heart of the Tiaki Bntls^ shows live rows, the valves 
increasing in size to tlie last row, which is at tlie termination of 
the bulb. Sa/muusy Sr/uatina, and Af/fliohat's have also five 
rows of valves. In Cephaloplera iho large bnllius arteriosus * 
presents internally three longitudinal angular ridges, at the si<l(‘S 
of wliich arc small valves dis])oHed in pairs, and in four or five 
rows : besides these there are three larger valves at the begin- 
ning, arul three at the end of the liulb. The val\ cs arc still mot’c 
nnmerous in lepidoganoid fishes, and are arranged in longitudinal 
rather than In transverse rows : the Polyiiterus shows three such 
rows of nine or tim larger semilunar valves alternating with as 
many rows of smaller valves. The IiC|)idostens lias five longi- 
tudinal rows of sub-equal valves: those at the end of tlui bull) 
being always the largest and most efficient. In the liepidosiren 
the place of valves is supplied in its long and twisted bidbus 
arteriosus by two longitudinal ridges, fig. 312, c ; the interesting 
stages, which we have been tracing tlirougli the highly organised 
Ganoids and Plagiostomes, in the partition of the bull) into 
distinct arterial trunks for the systemic and pulmonic circulation, 
being most ndA^ancecl in tliis amj)hIbious fish. 

The auricle in the Bepidosiren anneetens^ ib. «, Is essentially 
single, but has two car-like appendages.** The venous sinus 

* XX. ii. p. 37, prep. no. 905. Ib. p. 38, prep. no. 908. * Ib. p. 38, prep. no. 909. 

^ J found its cuvit/ more capacious than that of the contracted ventricle, 

* xxxiir. p. 343. p. pi. xxvi, tig. 2. c, ® lb. p. 345. 
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commiiiiicatcs with It w^ithout any intcrvcninc; valve ; the auricle 
receives the vein from the air-bladder by a distinct aperture, close 
to the opening into the ventricle ; regurgitation into the vein 
being prevented by a haril valvular 
tubercle, which also j)rojects into the 
ver^ricle. The ventricle (tig. h) is 
single, like the auricle; its inner 
]>arietes arc very irregular: a Hra- 
becida’ projects from the lower 
pai’t of the cavity, like arudimental 
se])tum : a smaller transverse ^tra- 
becula’ arches over and acts as a 
valve to tlie single auriculo- ventri- 
cular opening, but there arc no 
proper mcml)ranous semilunar 
valves. 

The muscular ])arietcs of the 
^ Iiidbiis arteriosus ’ are distinct in 
all (islves from those of the ventricle ; 
they may l)c overlapped by these, 
but fin a[)onenrolic so])tiim inter- 
vxmes between the origin of the bulb 
and the overlapping ventricular 
fibres.^ 

§ 81, Gills of Fishes . — Tlie primary division of tbc branclnal 
artery in the Myxinoids has been alreatly described. Each gill- 
sac receives, either from the trunk or its bifuveations, its proper 
artery. The leading coudition of the gills in other tishes may ))e 
understood by supposing each compressed sac of a Myxine, tig. 
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Two Ljmii>rcy 


313, to be split through its plane, and each half io be glued by 
its outer snu)oth side io an intermediate septum, which would then 
support the opposite halves of two distinct sacs, and expose their 
vascular mucous surface to view. If the septum be attached by 


x\. vol. ii. p. 39, prep. no. 910. 
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its entire nuirgin, the condition of the ])higlostoinous gill is offeetod. 
If the septiun be libcnitcd at the outer ])art of its eircirmforeiK^c 
and the vuseular surfaces arc produced into pectinated lainolli- 
geroiis procicsses, tufts, or filaments, procceiling from the free arcli, 
the gill of an ordiiuiry osseous or teleostomous fish is formed. 
Such a gill is tlie homologiie, not of a single gill-sac, but oOlie 
contiguoiivS halves of two distinct gill-sacs, in llie Myxines. 
Already, in tlie Lampreys, the first stage of tins bl-i)artition may 
be seen, fig. 314, //?, and the next stage in the Sharks and Hays; 
consequently in these fishes, a different artery goes to the anterior 
branchial surface of each sac or fissure from that wliich su[)])llcs 
the ])ostcrior branchial surface of the same fissni’e ; Avliilst one 
brancdiial artery is a])propriatcd to each su])porting septum or 
arch hetween the fissures, as it is to tlic liberated septum or 
branchial arch in the llefore describing the branchial 

vessels it will be necessary to describe the organs uj)()ii which 
they ramify. 

In the Lamjjreys and Plagiostomes each supporting se]»liim of 
the two (anterior and posterior) branchial mucous surfaces is 
attached to the pharyngeal find dermal integu- 
ments by its entire periplieral margin, and tin; 
strciiins of water How ont liy as many fissures 
in the skin, ib, /^, as tliosc by wdiich they enter 
from the ])harynx, IKf: tlicse arc called ‘ fixed 
gills,’ and the species ])ossessing them are (*ha- 
raetcrised as ‘ pisccs hranchiis fixis,’ hi tlie 
Toleostomi =:()sse<ms, l^lectogiiathu*, Lopho- 
branchiate, (ianoid, and Iloloceplialons iisbes, 
the cuter border of the supporting braiudiia! 
areli is unattaclicd to the skin, and plays freely 
backward and forward, with its gill-surfaces, 
in a common gill-cavity which lias a single 
outlet, usnally in the form of a vertical fissure : 
the species with this structure are called ^ pisces hranchiis 
llberls.’ 

ha the IVIyxine the outlets of the six lateral branchial sacs, fig. 
315, wi, on each side arc produced into sliort tubes, which open 
into a longitudinal canal, k, directed backward, and dis(‘harging 

* exLv. ]). Prof. Milne Eelwards has cxenijdifiod tliis Iioniolo^y by tbc sub- 
joined fonnu];i ^ 

Osseous Fishes u . rtc . it 1 it 2 u .3 n 4 

h.h\b b I b \ b 1) \ T. 

J’l.u; iostoiMDus Fishes | ' — •-—'I — r — ' !■— . — - 1 * 
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the brjuicliial stieain by an orifice, /?., near tin*, middle line of tlie 
ventral siu'face : between the two outlets of these hiterjd iongl- 
I tudinal canals, but nearer the left one, is a third larger o|)ening\ 
/, which connminicates by a short duct with the end of the long 
(CHoidvagus, /, and admits the water, whicli j)a.sses from tliat: tube 
by the lateral orifi(j^^s,/, leading into the branchial sacs. This is 
lhc-£rst ste]) in developement beyojid that simpler condition wliich 
prevails in the Laneelet, where the whole pariet(*s of a miuh 
dilated o?sopliag;ns, fig. Ifiti, rr, are organised (or res})lralion ; and 
besidi's the ])haj‘yugeal opening, />//,, the sac communicates by a 
short and wl<le ^ ductus a‘sophago-cutaneus,’ ib. r>r/, with the 
external snifaeo, and also Avith the peritoneal cavity. The 
common, respiratory siirfaee of the (:cso])bagns is ciliated in the 
Lancelot, ^.fbe sacs devadoped from the a*soj)liagiis, and specially 
set a|)art for rcs]»irati(m in the Myxinoids, have a liiglily Yaseular, 
hut not a ciliated mucous surface: this is dis[)o.sed in radiared 
folds, and is further Increased hy secondary plicic. The seven 
branchial sacs on each side of the (esophagus 
liavc sJiort external duets, fig. 318, A, which 
ojxiii by as many distinct orifices in the skin 
in a >species ol* BdeUostonui hence called hep^ 
bih'itma ; tlu? internal branchial ducts com- 
muni(.aite liy as many openings, ib. with 
the o'sopbagns. In the Lampreys there are, 
also, seven stigmata on each side ; but another 
stage in the separation oF the r(‘spiratory from 
the digestive tract is here seen, for each in- 
ternal duct communicates with a median 
canal, fig. 310, //, beneath and distinct from 
the (rs()])hagns, terminating in a Idind end 
behind, and (minmnnlcating anteriorly with 
the fauces by an opening guarded by a double 
membranous valve. 

Ill all higlier fishes the inlets to the hrancliial 
interspaces ai'c situated on each side the 
fauces, and are ei[ual iu number with tliosc 
Intcrsjiaccs, fig. 310, \ — 5. The outlets aia*, 
with the exception of the PI agios tomes, single 
on each side: they vary mucli in size; are 
relati \^ely largest in the Herring and Mackerel 
families, smallest in the Eels and Lonhioid 

/.I . ... \ , Lri)iilosiron. x.vxiii. 

tislics; in some ot the small Frog-fishes, 

Anh-nnarim, llic circular brnnohiai pore is produced into 
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feiliort tube above each pectoral fin. The power of existing; 
long out of water depends chiefly on these mechanical luodl-. 
ficatioiis for detaining a quantity of that element in tlie 
l)ranchial sacs ; for fishcvS perish when taken out of water, chicdly 
by the cohesion and desiccation of their fine vascular l)ranchial 
processes, through which the blood is thereby prevented from 
passing.* If sufficient water can be retained to keep tlie /fill- 
plates floating, the oxygen which is consumed l)y the ca]>illary 
branchial circulation is siipjdied to the water retained in the 
branchial sac directly from the air. In some of the Eel tribe the 
small branchial outlets arc closely ap]U'()ximatcd below, as in 
^pkaiichrandiuii ; and they are blended into a single orifice in 
Stfmhranchns, analogous to that in the Myxine. In some Ganoids, 
many Jr^higiostomes, fig, 137, and all Sturgeons, a canal leads 
from the fore part of each side of the brancliial cliamljcr to the 
top of the head ; the outlets are called ‘ spiracles,’ the canals 
‘ spiracidar,’ The nasal sac comiiuinicates in tlie Lamprey witli 
the single homologous canal, tlie inner or faucial aperture ol* 
which is shown at c, fig, 277. 

The branchial chamber is largest in tlie fislies which liavc the 
smallest outlets, as, e.g., in tlie Eel tribe, the IJranoscopi, the 
Jilcimies, and especially tlie Lo|)hioids : exteiuliiig backward in the 
Angler {Lopidm phcidorius) towards tli(‘ liind ])art of the abdomen, 
witli a proporiional elongation of the braiichi'ostegal rays; and 
still further back in IlaUentva. The opercular flajis forming the 
outer wall of the gill- chambers are described at ])p. 123, 124, 
fig. 84; the braiK'hial arches at p. 100, fig. 85. The basi- 
liranchials arc usually jirescnt only in the two or tliree anterior 
arches, the others joining below directly, or by the meiliiim. of a 
gristly plate (Z'/vV/A/) to the last basi b ranch ial ; or terminating 
loosely, as in Murmophis. Tlie hypobraiiehials arc nsiially 
present only in the first or second arches : the most constafd 
elements, both as to existence and shape, are tlie ceratobranchials, 
fig. 85, 47 , and epibranchlals, ib. 48 , The pharyngo-branehials, 
ib. 49, vary in shape and tissue ; they attaeli the arches to the 
base of the skull, and develope, with the anterior epibranchials, 
fig.‘S25, the complex labyrinthic appendages of the branchial 
apjiaratus in the Climbing Perch {Anahas) and its allies. In 
Lophim ViXiADlodoii there are only three pairs of brancliial arches. 
"Jlic fissures between the arches become shorter as they recede in 
position, the last being commonly a mere foramen: their vertical 
extent shows an agreement with that of the outer gill-slit: they 

* cvi. p. 124. 
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are long, c.g. in the Mackerel ; short in the Eel : in the Lopho- 
bi'anchs tlicy arc one-tliii’d the length of tlie arches: in tlic 
JMectogoiiaths they are half that lengtii ; in the Carp-tribe they 
arc nearly as long, in the Salmon-tribe (pilte as long, as the 
branchial arches themselves. 

The main purj)osc of the gills of fishes being to expose the 
ven uis blood in a state of minute subdivision to streams of watei’, 
the l)ranchlal arteries rai)ldly divide and subdivide until tliey 
resolve themselves into mi- 
croscopic capillaries. These 
constitute a network in one 
plane or layer, fig. .317, 
siip[)()rted by an clastic 
plat(^, and covered by a 
tessellated and nori-clliatcd 
e])ltlu;linm. Tins covering 
and tluj tunics of the ca])il- 
larles are so tliiri as to 
allow the chemical inter- A !‘r.inolijul loaf, ■vv'ih (he ro^hhatory oaialku io!} on 

, 1 1 Cod. ccr.xvni. 

cliangc and decomposition 



to take place between the carbonated blood and the oxygenated 
Avatcr. The requisite extent of‘ the respiratory field of capillaries is 
gained by various modes of multiplying the surface 


within a limited space. In the Mardpohranchu 
and Fhupodmm^ I'or example, by folds of nuan- 
1)rane on jdane siirlaccs : hi the Lopliohramlui by 
clavate processes grouped into tufts: in the iVo- 
topterl, by double or single fringes of filaments : 
in the rest of tlic class by the production of the 
cajiillary-supportlng plates from each side of long, 
compressed, slender, pointed processes, extending, 
like the teeth of a com)), but in a double row, fig. 
318,^/,r/, from tlic convex side of each branchial arcli, 
fig. 311, h. 

Each ])air of ])roccsses has its flat sides turned 
toward contiguous |)airs, and the ttvo processes of 
each pair stand edgeways toward each otlior, aiul 
are commonly unitcMl for a greater or less extent 
Iroin their base: lienee Cuvier describes each pair 
as a single bifurcated plate, ‘ feuillct.’ ‘ 

In the Swordfish ( the processes of the 
same pair stand (juitc free from each other ; Avhcnce 



Aristotle described this fish as having double the 


XXIII. i. p. 379. 
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usual miinbcr of gills.* But to couipcnsatc for this indcpciul- 
cu<!e, an<l to prevent the inconvenience of nuitual pressure, the 
processes of the same scries are united together by little vascular 
lainello, so that the surface of the gill is rcti(!ulate rather than 
pectinate. In the Orthatjoriscus the ])rocesses of each series are 
not o])})osite, but alternate. In a few specicvS the processes of 
each pair arc joined together to near their apices, as ii>^the 
Sturgeon, in which the musculo-membranous niediuin of union 
exteruls from pair to pair throughout the cnlinj gill, forming a 
true ‘ se])tum branchialc,’ and presenting a transition to the mori> 
eoin])lete septum which divides the respiratory vascular surfaces 
in the IMaglosioine.s. 

In fig. 318, the course of the hlood through a pair of branchial 
processes is diagrainmatically shown : a is a section of tlio 
branchial artery; d is the branch sent along tlic outer margin of 
the process; e is the vessel receiving the hlood .from tlic capil- 
laries after the respiratory change has l)een cffcctod, and returning 
it, along the inner border of the process, to the branchial vein, the 
sectional area of wliich is shown at r. In fig. 319 are shown the 
vascular plates or lamelhe, />, of the branchial ])rocesscs, a.', in tlui 
Cod (Morrhua vnlrjariH)^ in which they are confined to the inner 
half or two-thirds of tlic ])rocess. Fig. 317, representing a trans- 
verse section of the pr(»cess, shows tlic degree and form in whicli 
the ])latcs extend from it on each side : the arrows indicate tlu^ 
course of the Idood from the outer to the Inner 1)or(ler of tlie 
plate-bearing process. Fig. 320 represents the frame-woik 
supporting the vascular struetiire of the gill : a Is a section of the 
branchial arch; h is the base of the brancliial process attached to 
but distinct from the arch : c its outer ohtusc border ; d its inner 
border, from which are continued the elastic cords, /‘, ex tending 
along the outer margin of the lamella?, fig. 317, /, and maintaining 
them outstretched.''^ The jnim])er of ])lates on one process has 1)een 
estimated at r>/> in the Gudgeon, 9G in the Tench, lOfi in tlic 
Barbel, 135 in the Carp, 700 in the Eel, 1000 in the Cod, 
1400 in the Salmon, 1600 in the Sturgeon. 

In some Osseous Fishes certain of the branchial arches snp]»ort 
only or^e series of processes ; such arc called uniserial,’ oV ^ half’ 
gills ; but, as a general rule, they support ‘ Inscrial,’ or ^ whole’ 
gills. Most of the Labroids, the genera Coffujt, Scorpamn., 
ylpistesy Zeus^ Antennarius, PolypteniSy Gohicsoxy 

> xxin. t. viii. p. 192. 

for the histology of tlicsc Sftructurcp, soc l>r. Williams’s niiuutc description in 
ccLXViit. i>p. 288-290.. , 
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Lfipndoffonfrr, and tlie Cydoptervit Kparu liavo. tliroo liisoi-iul ..ills 
and one imisprial j^ill ; the genera Lophinx, liritracluix, l)lod„u, 
Tetrodon, Monopterm, Cotylix, have three l>iserial gilly ; MalHiaui. 
and Lepidoxireu liave two hiscrial gills and one uniserial gill ; the 
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tuch.a {Ampkipnons) ha.s only two gills. The above emmieration 
refers to the branehial organs of one side; (hey are s,ynnne(.i'ieal 
'll all fishes, and the iini.serial oiKwcular gill is not counted, as not 
'>omo- nttachod to a ])ropor hraiicliial arch. 

1 he branchial processes arc bony, at least along the outer and 
1 ncker 1, order, In most Osseous Fishes (e.g. tSnhnn, Alom, Gndus). 

wy are gristly, hke the arches which su]i])ort them, in the 
•Mnrgeon, where they break up into delicate branched frin.res 
along their outer margin. Small ‘ intcrbranchial ’ muscles exfend’ 
'"nii^-h the uniting septum, between the bases of the processes’ 
"T eltcetmg slight reciprocal movements.' 


von. I. 
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The concave borders of tlic branchlMl arches are usually beset 
with dcreiisive prot'c'sses, Iriii^'es^ or tubenvies, and tliese soinetinH's 
support small teeth which aid in deujlutitlon ; but the chiel olhcc 
o(‘ these appendages, wliieh ])roject iinvard toward the mouth, is to 
prevent tlie passage of any particles to the intcrs])aces of the gills, 
which might Injure or irritate their delic'ate texture. In the 
cdenf ulous Sturgeon and raddleiisli each arch supports a eldse-set 
sorI(‘s of such V(d.rovorted slender tapering filaments, fig. 2<(), 
which are longer than the opposite l)ranchial processes, ib. // : 
they are developed even from the fifth or jdiaryngeal arch, which 
has no gill. Similar fringes of extreme delicacy didend thi‘ 
branchiai slit in the (iray iNfiillot. hhaM[uently such a fring(M‘s 
dcveloj)e<l cmly from the first branchial arch, Mackiirtd, Perch, 
fig. 8.). r.a, the rest sup])orting dentated tubercles, fig. .‘i21,an(l 
the last or |)harvngcal arcli l)eing beset with teeth only. Tn th(‘ 
licMiiora and many otln'r Fishes, th(‘ d(‘(cnsi\'e tubercles on 
op|)osite sides of iIk' same branchial fissure int(‘rlock, likt' the 
teeth of a cog-wheel. In the f^rpldosirrn anut^rf.cns^ fig. .‘11 1», 
sliort valvular jn’oeesses are develo[)e<l from the sid(‘s <»f thos(‘ 
braneiiial fissures only which lead to the gills, (lie first and second 
arches having no gills. Tn the Cong(‘r, all the hranehial arches 
are (h^void of defensive fringes or tuhendes.^ 

Tin; immediate force of the heart’s eontraefion is a]>plied hy ii 
short and ra])idly divided arterial trunk, fig. .‘h)8, r., u|)on the 
hranehial ein'idation. (.)idy in a few fishes is the heart remove d 
haekward from the close ])roximity of th<i gills, and then the 
liranchial artery is propewtionally elongatcil ; as in the Fel tribe, 
especially the Sj/iiJyranrhi(h,(i: the artery is longintlu' riaitfroslnf, 
fig. 270, S'. The primary branches are always oppositt' and syin- 
mefrieal, but vary in number in diflerent species. V'^ery commonly, 
as in the Perch, they are three in number on each side; the first 
branch dividing, as in fig. d()8, n n, to supply the fourth and ihird 
gills, the second going to the se<a>nd, and the third to the first 
gill, ib. />, he. In the Polyptcrus and Skate there are only t'v<> 
primary branches on (^aeh side : the first supplies the three ])Ost(‘- 
rfor gills ; the socoml, finaued hy a terminal bifurcation of th<‘ 
branchial trunk, supplies the anterior gill in the l\)lypterus, and 
in the Skate hifureates to supjily also the uniserial, opercular, or 
hyoid gill. I'he F.ox-Sliark {Alnpias) and the Ijepltlosfcus give 
oxain[)l<.\s of four pairs of primary hranches from the bran(‘lili*i 


prep. 1038. (Conner). smO irs (lejscription, xx. 1831, p. 83. 
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trunk. Tn tlic Slr.irk tlvo first pair come oft* close to^otker IVoin 
tlic dorsal part (>1* (lie trunk: the arteries of the last pair (piicklv 
hifhrcate, and thus each of the five hraiudiial fissures T(‘ceiv{.‘s its 
artery. '^I'he Alyxinoid-s oiler the exeei>tional instances of the 
liilhrcation of the branchial trunk by a vertical division into two 
lat<‘ral forks, extended in one speeles to near its base: tlie 
fiOpIdosSteiis presents the still rarer example of tlie tnudv 
cleft bori/ontally into an upj)er and lower ]>rimary division ; the 
upper or dorsal division sends off two branches on each side, the 
])osterior dividing to snp[)ly the foiirtli, fig. 5, and third, 

il). 4, gills, the anterior going to the second gill, il). a: the lowt?r 
division sends off the |)air of arteries to tlie first pair of* gills, 
il). ‘J, tlien (‘xtends forwanl and hifnrcatos to supply the nnfscrial 
o])crcnlar gills, ib. i, which are present in this ganoid g(‘ni!s, as 
in the Sturgeon. ‘ In the Cod 
and other Oss(‘ons Fishes (be 
v<‘sscls on each sj<]e, wliicli ar<i . 
anah»gous to the j)nlmonary ' 
veins in man, unite to form the 
‘ aortic circle,' tig. 321 , f/, wliich 
01 icom I lasscs the 1 lasis | )lienoid , t i. 

'riieciirrtmt of arterialised Ijlood 
fl'iws forward at the Ibrc-jiartof 
this circle into the byo-ojier- 
onlar, and orbito-nasal, />, 
arteries ; but the main str(?ams 
arc directed backward, and con- e.Hinii.MKvimMii ..r n-.r-.' 

vcige in the dIre(*tion of the 

arrows to the aortic trunk. The carotids, e, tlie homologncs of llie 
sul)clavians, r/, sent, to the pectoral fins, and sometinu's the coro- 
iiarv vessels of the heart, are sent off from 11 h> aortic circle. Ihit 
no systemic lieart or rudiment of a proj)elling re(‘eptae!e is de- 
Yel()|)cd in any iisli at the point of cuuflnence of tlie branchial 
veins. 

Small vessels are sent off from the marginal branchial venules 
by short trunks, wliich ramify beiieatli tlie brancbial membran?, 
ioid become the ^artcriie Tiutrithe’of the gills: their capillaries 
are collected into venous trunks, wbieli (piit the gills commonly 
at both their extreanities, those from the dorsal ends joining 
the jugular veins, those from tlie ventral ends enijitving 
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Ihomselvos into llio imvcavjils, or vliroctly into tlic great auvienlai* 

Snell is the oiilline of the general structure of* the iKjautifVil 
and complex meclianisni td’the normal or pectinated gills of'fislies. 
01* this tliei-e are many minor modifications ; some of which receive 
explanation {‘rom known phenomena in the developcnumt of the 
gills;* others, teh'ogieally, from the habits ol* the speeit's. 

Five l)ranchial ari‘hes and artiuies, or vascvular hoops, are 
develojKal on each side in the embryo of all lishes abiive the I)er- 
ino|>(eri, as a general ride.^ At first the trunk of the branchial 
arteries simply liifurcaites, the divisions jiassing round the pharynx 

and reuniting on its dor- 
sal surface, to form the 
aorta. ]>ehind this pri- 
niaiy circle, which cor- 
respimds with thi^ fold 
developing the hyoid and 
mandilnilar arches, four 
additional art ('rial lioops 
are si.mt oft*, fig. .‘>22, 
which traverse, without 
l*urther ramifii'alions, liu' 
convex side of the (‘our 
anterior simple branehial arehes, and reunite above in tlie aorti(^ 
trunk, il). riu If a sixtli arterial areli lie devadoped, <i()rres|>ond- 
ing witli file, liftli bramdual arcli, as its ))resone(i in tbe Lejii- 
dosiren would indicate, it has not been observed, and must 
soon disappear in most Osst'ons Fislu^s. In these the gills niak<‘ 
tlu'ir aj)peaianee as h'aflets budding out from tin? eonvi'xitv nf 
tbe fimr anterior l>raneliial arches, (»aeh h'afiet snjiporting a 
eorres]»onding loop of llie branehial art(*ry : and, as the bifur- 
cation and extension (»f the primary l(iaflets and the jinllnlation 
of secondary laniime and loops )»rocecd, the vascular arch Ix giiis to 
scjiarate itself lengtliwisc into two cliannels, ti’aversed bv opposite 
(‘urrents, and llien'by establishing an arterial, fig. r/, and a 
venous, ib. e, trunk in relation to the. loojis and their vaseulnr 
developements on the branchial processes. In (Isseons Fishes 

’ ‘ vciijr* niilriiixC arc nrni.«iially lar^rc in tlic Carp; l>ut arc not, a.s Dii Venicy 

snj.pose*! ((’Vin.), rlirccfly continued Irom tlui true- ‘vena? f)raricliia.l(*.S;’ and tln^y do 
uof, therefore, «livert any of iln; sircam of ar.criaJised l)Iood from the aorta to })oui‘ it 
directly into the. venous sinus. See Miillcr, xxi. 1841, p, 2S. 

‘ exi. exii. exin. 

■'» The six-}^ilJed 'Shark (//e.m/Wi«.v) and the sevcn-gilled t^hark (Hoptniwhus) an? 
among (he fv‘w ('xcciuions. 
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the j)miiaiy arterial arch, corrcspotidint with tlu; anterior or 
hyoid one, devclo])es cither a simple 
(imiscrial) gill, or a plcxiform, plu- 
mose, riidiiiiciit of a gill, or hoth, or 
neither, Li the Lejndostcns this arch 
retains its jn’iinitive connection with 
tlie i^xtreinity of tlie branclii-arterial 
trunk, and developcs on each side a 
small uniserial pectinated gill, lig. 
i, from the nunnbrane clothing the 
inner surface of the cerato-hyoi<l and 
preopercular hones: the vein or elfe- 
rent vessel, c, oi* this gill goes to a smaller 
j)eclinate(l organ, ih. K, consisting like- 
wise. of one series (»f vasx’idar filament; 

* pscmlohranchia ’ of other fishes in heing supplied with arterial 
hloorl. In the Sturgeon, the l^cpidosircn, and the Plagiostonies the 
ix'presentativc of the primary vascular arch has become, hy partial 
hil’iireadoii of the branehi-arterial 
trunk, a seco.ndary brancli, sent olf 
by the artiM'v of (he first branchial 
arch : but it iievcrtheles.s developcs 
a sim[>h'. gill, of one scries <d* filaments 
in th(‘. Le[)idosiren, lig. 324, i, anil ol 
ihe anterior series of lamella? in the first 
gill-l»ag of the Phigiosfomes : and this 
series is atiaclied, like the opereidar 
gill of Ihe Lejndosteus and Sturgenn, 
to the m(?mbrane supported by the 
hyifid arch. 

In most Osseous Fishes we retjognise 
ihc reduced homologue of tlie anterior 
primary vavscular arch in that vessel, 
lig. 321, c, wliicli is continued from the 
venous or retluout division of the 
second primary vascular arch ; not, as 
-ill the foregoing fislies, from the ar 
ttM’ial division of that arch, or fnrni 
fhe l)rauchial trunk. The vessel in 
questioii carries, tliereforc, artcj’ial 
blood : it manifests its [U'lmitive 
character by returning into the circulns aortiens, as at c', fig. 
321, but now receives blood from it, and is called ^arteria 



llC'^piratory anil cin'iilali'iT 
Lt a >1 il<. x x m 1 1 . 
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hyo-opcrcularis: ’ the psciulo-branchia, when present, as at 
fig. 321, R, is cle\ eloped from it. 

in Osseous Fishes the four normal l>iserial |)cctitiatcd gills arc 
developed only irom the ibiir anterior l)ranchial arclies ; the liClh 
and last arch has no gill developed from it, but is eon verted, as we 
have seen, into a pair of accessory jaws. In the Iie|>idosiren, as 
ill llexanclius, the fdth arch sujiports a uiilserial gill, fig. «>. 
In the Plantrostra^ altliough the branchial pecten is not developed 
from It, yet the same kind of long slen<ler filamentary processes 
project inwards iVom its concavity, as from that of each of tlie 
anterior four pairs of ln*anchial arches. The live intcn-spaces 
between the hyoid arcli and the five lirancliial arches are originally 
exposed on (lie sides of the head of the embryo ossi^ous lish; the 
opercular and branchiostegal apjiendages are latc.T developcmonts, 
and tlu5 singhj brancliial outlet is the result ol* the formalio!i of the 
gill-cover. Thus the numerous branchial a])ertures in the carti- 
laginous fishes, like the substance of their skeleton, are retentions 
of embryonic structures. cry interesti ng arrests of developement 
arc also found in bony fishes. We have >seen that the |)rimary vas- 
cular hoo]>s sweep over their respective arches without seudingoff 
any branches, the (siibse([ucntly ) branchial veins Ixmig, in tin; 
embryo, dircet continuations of the brancliial arlerics. 'Ihi.s 
primitive condition is persistent in the fourtli brancliial arcli of 
certain Miiramoid fislic.'S ol‘the Ganges, Moifopterm, Spiuhnnirluoix ' 
it is persistent in the first and second brancliial arches of the eel- 
like Ijopidosiren, fig. 321. 2, a. Sneb arclies are, therefore, nill- 
less, and a certain proporlioii only of the blood transmitted Irom 
ilie heart is aerated in the gills: about one fourth, e. g. in Munu- 
pfrnfs, goos directly to the aorta in its venous stati‘ ; a larger 
([iiantity wouhl pass into the roots of the aorta, fig. 312, e, o, and 
mix with tlie general circulation in the Lepidosiren, were no jxirt 
of the current divm-ted by the vessels /, into the lung-like 
modi fical ion of Its air-bladder. 

A tuft of filaments, snpjiorting each a single vascular loop, and 
covered wllh nou-ciliatc epithelium, extends from each brancliial 
|)h»4e, protriuling from the outer slit, in the embryo of the l^higio- 
stomes ; and a similar tuft also extends from the spiracle in those 
spei'ies which possess it, e. g. MuMritLs and yicaniluas^ hut 
these preliminary branchial organs soon disappear.* Three seem- 
ingly analogous filaments are retained on each side, for a longer 
period, in the L<pul(mnrn annevtvns\ but lose that vascular and 

' cxix. . - \x. vol. V. p. 72. 3 Lxix. p. 4 ^ 8 , pi. 14. 
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respiratory eharacter before llujy arc absorbed. Accessory 
respiratory or!:»'a]i.s, aetini^ chiefly as a reservoir or filter of 
water,* are developed from the u|)per part oi‘ the pliaryiix 
in l!ie (flinibing l*ercli (^Amd/ns smiiflni.s) and allied iishes ol 
ainplilbious hal)ils; they are complex folds of slightly vascular 
ineinbraue supported on sinuous [»lates developed from the 
phaiy‘iigo- and ei/i-branchials of the ante- 
rior branchial arches, lig. fl2o, 4S ; whence 
this family of fishes is called Lahiirbitlu- 
linnickli An accessory branchial ramified 
vasiadar organ is similarly situated in the 
genus thence called Ilrkrohranrlufs, It re- 
sembles a miniature tree of red coral, is 
hollow and muscular, and serves not only for 
rcsjjiratioh, l)ut, as Cuvier suggests, to aid in 
iin^pelliiig the art(!rlalised blood into the 
aorta, in the ( iichia {Amplupnom)^ a 

linless snake-like fisli, Avhich lurks in holes in the marshes of 
Ihmgal, the second branchial arcli siip])orts a few long fibrils, and 
llie third a simple lamina iringed at its edge; tlie lirst and foiirtli 
arcluvs have not (‘V(‘n the rudiment of a gill. The hranchial 
[‘unction is transferred to a. reeeptaele on each side of the head, 
above; the branchial arches, covered by the n|)per part of the oper- 
cular membrane; these recejitaeles have a c(‘llnlar and highly 
vascular intermd surface; the cavity communicates with tiie 
moutli by an opeming between the Jiyoid and first hranehial arch, 
and rcce'lvos its l)lood from the terminal hifnrcatlon of the 
branehial artery, and also from the efl'erent v(‘ssels e)f tin? rudi- 
mcntal gills. Those from the snjiplemcntal lung-like vascular 
sacs are eollecled iuLitwo truuks, wlilch unite with tlie ]n)Stcrior 
unhrauclual hraiuhial arteries to form the aorta. Thus about one 
h;dl‘ of tlie volume of blood trausiuitted from the licart is con- 
veyed to the aorta without l>eing exposed to the aetiou ol‘tbe air. 
'fliis amphibious fish is, as might be expecied, of a sluggish and 
torpid nature, and remarkable for its tenaeity of life. Tin* liomo- 
logues of the superior l)rancbial saes extend inaC iangetic Sllu 4 *oid 
fisli, the Siiigio, Ix'yond the cranium, backward beneath the dorsal 
•in\ v)eoinmata upon th(3 iu‘ural arches of the vertebne to near the 
end of the tall, where tliey terminate in blind ends. Tlie inner 
tunic of the sacs is a delicate vascular membrane, sujiplicd by a 
(amtimiatloii of the jiosterior branchial artery. The position of 
the palatal opening of the sac, in relation to the lamiiue of tlie 

’ CLXxiv, vol. iii. p. o7'J. 
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second and third arches, is such that water can with difliculty 
j)enetrate them, and they arc usually found to contain air. They 
are not, liowever, live homolo^ues of the air-bladder or of lune;s, 
though they are analo^r)iis to the latter in function. J>y this 
(extreme modiiieation of the opercular gill the Singio (^Sacco- 
brnnahus^ Cuv.) is (‘iiablcd to travel on land to a great distancie 
from its native rivers or marshes, and, like the Cuchia, is refOark- 
able for surviving the infliction of severe wounds.^ In most fishes 
a rich develo[)ement of follicles on the walls of the gill-cliamber 
su])[)lies tlie branehial macliinery with a luhrieating mucus. 

The mecliaiiism of branchial res]»lrati«>n differs from that of 
swallowing, only in the streams of water being pia^vented from 
entering the gullet, and being diverted to the branehial slits on 
each side the [diarv nx. 

The moutli opens ))y the retraction of the j)rema\il]ai*y and the 
dcj>ression of the mandible. Almost sinuiltaneonsly I he mandi- 
bular rami are dlvarleated l)ebind by the action of \\u) •• l(*vatores 
lympani,' fig. IH-l, 24 , ujion tbeir pedicles; the opercular llaps are. 
drawn outward by iho Mevatores opereidi,’ ib. 25 ; tlie branehio- 
stegal membrane Is dilated by divarleation of tbe rays, the ‘Teva- 
tt)res l)ranehi<»slegurum,’ fig. 155, 2s, <>p]>osing the depressm’es,’ 
ib. ^/, in this action ; the hranehial arches are su(‘cessively drtiwu 
forwanl and outward by the ‘ braiiehi-levatores,’ fig. 157, a, and 
‘ jiiastol/raiK-liiales,' ib. 2 i); and the branchial chaml)er being thus 
ex|»;Mided, the water rnslics in throngli the siev(‘-lihe Inner slits, 
and fills the eliambers, floating a[>ari tlu^ gills and filtering 
het\vei:n (;very l>ranehial j»roeess and fold. The inner slits an% 
tluMi, closed l>y the protra(‘ti(»ii of* the liyoid and depression of tlie 
branchial aieh.es, the ‘ geiiioliyoidei,’ fig. 155, coo|)erating witli 
ilic ^ branehi-depressores,’ fig. 157, "5, in thisaction ; the branchial 
j)roc(\'^ses are ap|»roxiniated and divaricated by s|)ecial miisides, 
and elastic jiarts. The respiratory eniTents are driven out by thl^ 
contrai^tlon of llie. brancliiostegal membranes and the de])ression 
and adduction of’ tlie opercular flaps, which, on the expulsion of 
the currents, close liki^ a door upon the ^ sill ’ formed l>y tlie 
, s(‘aj)uiar arch. In the IMagiostomes the branchial currents are 
moved ami directed by muscles, combined with elastic strnctures, 
more immediately acting on the inner and outer slits and the 
intermediate idiambers. 

§ tS5, Arlrrlrs iif /^V.n7/c.s*. - The first structure to lie uoticed in 
connection with the arterial system, is the vascular body already 
alluded to under the name of ^ pseiidolminchia.’ Mortnyrus, Tinea, 

' cxvir. 



AKTEUIKS OF FTSHKS* 


4«i) 

CohltU, Nuitdusy Sihrrus, Jiafrachaa, (hjmmlan^^ Mvrcc/nuidusy and 
Alnmua are examples of i((‘nera in wlileli it has not l)ecn detected. 
In almost all other Osseous Fislu^s it is i)resent,situajed on each side 
of the head^ in advance of the dorsal end ol‘ the first- biserial i;il], 
under the form either of a small ex[)Osed row of vascular filaments, 
like a uniserial ^ill (as in all Seiamoiils and many other Acatdho- 
yy/r/7,Mhe Pie k round Ida- ^ and the l*g« d2.‘l,Ji); or, like 

a vaso-o:angdionle body, eom[)o;sed of parallel vascular lobes, and 
covered by the mombraiuj of tlie liranchial chandler (a.s in Esoj-^ 
Cf/jfriuifs, (ladus, fijj:. o2l, u). In both cases the vein or eftei*eni 
vessel of the pseudobranchia becomes the ophthidinie artery, ib. 
and the choroid ‘ vaso-^ani»Tion,’ when present, is dev(*loped from 
it. The Stur^’con, like the Lcjiidosteus and Lepidosiren, has a 
uniserial openjular [j;'Ill, the lioJnoloiiMie of tlio iirst so-called ‘lialf- 
e;ill ’ of the riai'-iostomes ; and, on the anterior wall of the ‘ spira- 
cular (!anal,' a small vascular lamellate Ixxly rc(‘eives arteihdised 
ld<KKl liy a vessel sent olf from the vein ol“ the iirst biserial p:ill *, 
which blood, after lieing sulnlivuled ainongst innnmi‘rable t>inna- 
tilld capillaries is colleeled again into the etferent vessel of that 
body, and ilivid(>s into the artery for the l»rain (eiKJCphalic), and 
that ibr jlui eye (ophthabnic). The pseudobranchia is thus a kind 
of* rcte mirabile’ for both the cerebral and ophlhalmie cirenlation 
in the Sturgeon* : in Osseous FIksIios it stands in that relation to tlie 
eve only, and is most generally assoeiat<al witli the more immediatci 
oiihthalmie * rete mirabile,’ called ^choroid gland,’ tig. 21(), o. 
The |iscudoijra.uehia, in the Plagiostouies that have the spiraeula, is 
developed, as in the Sturgeon, on the antei'iur wall of each of those 
temjioral outlets from the branchial cavity : its * vena arteriosa ’ 
supplies the eyes ami [lart of the brain: it coexists in the IMagio- 
stomes, ( -hliiueruids. Sturgeons, and some Osseous Fislies, with 
the vaso-gauglion supjilied l>y vessels from the anterior branchial 
veins, wlfielilieslietweenthe anterior basi-branehials and the sterno- 
hyoid mustdos. llesides the small Jiasal and orbital arteries, and 
the liyo-o|)er(‘iilar, Irom which the proper ophlhalmie artery is 
derived, tlu*. carotids arc usually sent off from the ^circulus 
aorticus.’ In the Chinuera the carotids ai’C tj-ansmitted direcfly 
IVoin the anterior Imiuehial veins: and, in the Tike, the artciy of 
tlie pectoral fins (brachial) is transiiiitted from the common ti’iink 
of the two anterior hraiieliial veins. In the Myxincs an anterior, 
as well as a posterior, aorta is conlinned from the common confiu- 
enee of the liranchial veins. In all liigher fishes the postcruir 
aorta is the only^systcmic trunk so formed, 

‘ XXI. pi>. U--t»7, 75. 
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This aorta oxteiuls beneath the bodies of the vertebne along the 
abcloineii and tliroiigh the lueinal canal to tlie end of the tail. In 
many C'y|>rinold fishes it dilates beneath eatih abdominal yertebra 
into a sinus. It gives off intercostal arteries, Avhlch in many 
adult fishes become fewer in number than the Intercostal spaces ; 
it suj>plies numerous small branches to the Ividneys. In the 
Syngnathi the a^u’ta grooves the kidney in its course, and rii the 
Anchovy sinks into the renal substance. The first princl[)al 
vis(*eral branch is the ‘ cmliac ; ’ which sometimes, as in the 
I>url.>ot, is sent off from tlu; posterior part o\ the ‘ cireadns 
aortiens,' and in some Sliarks by two trunks from the same part. 
The next branch is a posteivior mesenteric, Avhicth varies in sizii 
according to tlie extent of the intestinal eanal snj>]jlied by the 
eu'liae. lietweeii tliese. In some iislies, the brachial arteruN-> aia^ 
sent off frv)ni the abdominal aorta: tliese vessels in the large- 
finned Torpedos and Chima'raj have a ]>artial investment of 
nmscnlar fibres, like secondary bulbs, but witbout any valvular 
slrncture to give effect in onward flow to their action.^ 

In the Porbeagle Shni'k {J.a/N/Ni cornul'ica) the two eoliac 
arteries eaoli split into a bundle <»f small arterioles, wliif-h inter- 
lace Aviili a similar resolution of tlie luipatic veins to Ibrm a mixed 
fiisciculatc ‘ plexus mirabllis’ between the jan'icardial septum and 
the liver. The artmial blood is collected again into a trunk o»i 
the outer side of each |»lexus; ami is disti‘il)ule<l by the ramifi- 
cations t)f those triuiks in the ordinary way to the stomach and 
int (‘Stines.- The ajterial branches to the spiral valves in thi‘ Fox 
Sliark ai’(‘ r(‘m:ii’kable jV>r the rich bundles u! twigs by wbit‘h tliry 
distril.uite the blood to that proiluetion. In the Medit;m*ranean 
Tunnies {Tlujnuiis and ylff.r/.s) the brainihes of the eadiaeo-mesen- 
teric artery s(*nt to the stoinaeli, the pancreas and tlie intestines, 
severally sj>!it ii]) into siinilar faseienlato jilexuses, wliieh an^ 
iiitej*!ae(‘d with eoricsjumding plexuses of the veins tl*oni those 
viscera prioj* to the formation of the portal tnnd<. 

Put the most common modification of the visc-cral vascular 
system is tin; sudden division and termination of :t brancli, nsiially 
of*" the gastric! artery, ifi a small body ebiivfiy comjxised of tln^ 
cellidar beginnings of tluj returning veins, forming the vaso- 
ganglion so (Minstant in all higher Vertebrates, and (ialled the 
‘ s])lc(m,' fig. 27G, n ; fig. 2cSl, </. It is not [)rcs(int in tlie Laneelet *, 
and the gland-like bodies near the cardia in the Cyclostomes, anfl 
ntiur the pylorus in the fiejiidosiren, which some have called 
^ spl<?cn,’ar(i more like the recognised remnants (^f the vitellicle in 
Osseous Fislics, where a true spleen is aetually present. The 

* XCVIU. - XXI. p. 01), pi. 5. 
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vein of the spleen always eontrilmtes to form the ^ vena [)ortie;’ 
hut it is important to note that it is not essential to the formation 
of that vessel. The absence of the s[)lecn in fishes is concomitant 
with the absence of the pancreas; and the increased size and 
com[»lexity of the splceii is associated in some fishes with a eoi- 
responding develoj)ement of the [)ah{‘reas. '^rinis there is an 
aeces'sory sjdcen in the Stiiri^emi ; and the spleen is divided into 
nnnicrous distinct lol)ules in Lamna, Selaclie, fiLi;. 278^ f/, and 
some oilier highly organised Plagiostomes. In most Osseous 
Fishes the spleen is aj)j)ended by its vessels, and a .ineso-splcnic 
told of ]»eritoneiMii to tlio liinder end or liend of tlni stomacli, or 
to the heginning of tiie intestine: it is of vnriahlc hut coinmonly 
triangular shapes; of a deep red or lirown-rcsl colon r, and soft 
atal spongy: the v(mumis cells of which it is chielly eomp<)sed are 
filled with granular corpuseh'S. 

§ S(). Atr-hlad(Irr organ so denominatcil is found, 

in most Osseous Fishes, in the form of an elongated bladder, tcjisdy 
lilled by air, extending along the hack of the alalomeii, lietween tin*, 
kidneys and the ehylo])oictlc viscera, fig. 2<S1 , and somclinKiS 
{ (f f/Nuiohfs, fig, 233, //, OpJiifH'rphabfs, Coiffs) Ixniealh the caudal 
vei’tehrie to lu'ar the end ol‘ the tail. It is soiuetiuies bifurcate; (as 
we s(*eltiu most Seomheroids and t^irangt)ids,^ in sonu* specie's of 
Diodon^ dA'h'Oihitt ^ IdiaiAndns^ l^riotiof us) \ seldom 

divided leugth\vis(‘ iiito two bladders Uirius^ (btpora^ Pidjfpfcnts, 
Lepiditsirvn, fig. 324, p^ p)i more often divided crosswise into 
two compartments, wliicdi lutercomnumicatc by a contracttul 
orifice {i[f/prinida\ fig. 221), p q. idntrnrinid(C)s or are (piito 
sc'parate ( Ihic/rtfs jUmuentosus^ Cfpmiudas (‘(inilahiaiusX In tlie 
Siliiroid genus Pamptsius the air-bladder is divldetl into four 
longitudinally sueeeediug [lortious. In the Trir/hi hiniitdo the 
swim-hlad<l<'r is notched auleriorly by one Imhmt, and jiosteriorly 
by two indents, from wlfudi notelies se]>ta proje(‘t inwards: soinc- 
tlmes the air-bladder is divide<l partially, both lengthwise and 
crosswise ( Cohltis fossiUs, /{nrliriupleras funnfns, some species of 
Pinudodus), 8ometiiiu'S the bladder sends forward two blind 
j>rocesses from its forepart (*S)>/ii//*rcy/^z /fftrnfrfnfn, Tviifbi rucu^ns^ 
Conuddtt a tdi Han ns ^ spcc'les of Atirrapufpai and O/olHI/ns) ; 

sometimes from Its hind part (^Cant/airis rnlf/arlsj Jjthrlnns 
aflanlicus, ILdlascs Insidafns^ some spec'ies o1 SHUu/o^ Alivna., and 
; sometimes from liotU ends ( Dnles tnactdalns^ Pumdijdcras 

‘ J)r. (ointlier tells me that all the sj)ee.ics of these families with a short and 
elvivatod hovly, with u* short alxloriiinal cavity, and with strong first lueinal ami inter- 
lurnial sriiios, have the air* bladder bifurcate behind, cxteiuliiig backward between the 
muscles uf the tail, to or beyond tlic middle of its length. 
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ftlt/jjc/fHts, Lac/arins flrltrfftfflt/s), Connna tnsj/tHosa, Ii;is 

two sleiidur Civciil tVom cacli pidc ol its jiir-bliidder ; the 

luarded Unihrina has three such processes; tlie 



allied vMai!::;re ’ and other species of Sritcnn, 
with most of the Corvi/ue, have very luimerous 
lateral ])neiiuiatie c;ee;i, which, as in Johnius 
luhtUnsy fii;'. 327^ are more or less ramitiedf* Jii 
some species of CJit'iluiinmis and (ladna blind 
j)roe('sses are continued Ironi both the sides and 
eiuls of the air-bladder (see the anterior ones 
in Gadfts Cfdhfrias^ liii;. 321, A, />). Jn Cfffdns 
N/trf/raf/ff tlie lateral productions expami, and 
line (.’orrespomiinj;' ex[>ansions or exeaxations ol 
tiui alahaninal paraj)ophyses, thus (i>reshadt>w- 
inir the pneumatic bones (-f ])irds. In Kurtus the 
.ir-l)ladd(n’ is encin*led l)y ex})anded ribs, curving; 
lid meetin^i* below it.^ 

ddu* proper walls of the air-bladder of ordi- 
larv Osseous Fislu‘s consist ot* a sliinlng silvery 



ibrous tiinie, the fibres l>eiie^‘ an'anged for the 
lost jiart transversely or cirenlarly, and in two 
' /•; they arc contractile and (dastie; Init 
anterior <*o!npartment of tlic air-bladdm* of 
('yprinoids, ih. y>, are much more elastic tlian 
tliose of the p<»sterior one. d'lie air-bhuhler 
is liiuid by a delicate mucous mendirane, with a. 
‘ plaster epilliellmn it is more or less eovei’fd 
by tin; peritoiieinn. Its cavity is commonly 
simple; in tlic Slieal-lisli it is divided l»y a 
vertical lou;;'itndiiial sc[)tum alom:*’ tlirec-fom tlis 
of its ’posterior part."* Tlie lateral compai t- 
ments are s;Ml)divi<led by transverse se|)tii in 
many other Siluroids (e. i;*cuns Batfrus)', the 
lar^c air-bladder of some sj)eel(‘s of 
(e. g. B, t(i>ni((ti(tt) is partially sub(li- 

vided into smaller cells. The cellular sidalivi- 
sion is such in the ‘air-ldadder of the Aitda, that 
Cuvier coinjiared it to the lung of a reptile*; 
and tlie transition from tluj air or swim-bladder 


‘ xxxix. i. ]), 91, afUT Cuvier ;in«l Val.aieieniifS, xxm. ]>!. l.’iS, ISll. The most 
complex torin ie tliiit (.leserihcd l>y (jiiutlicr p:i.\xiv, V(d. ii. p. ;;ua) in (MUchthiis 
lucidOf where the jiir-hladdcr Ibrrns a Kccoiid iiivesmiciit of ubdomimil viscera, 
within the iicritoncum. 

CLXXiv. vul. ii. j). 10. ^ ()xvi. vol. ii, p. o.3, i»l. 0, li-r. 4. * xxiv. vol. ii. p. 377. 
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to (lie lung IS coiuplctcd in tlio Lopidosiren, in whicii the 
eellnlnr .subdivision and multiplication of the vascular surface' are 
(annbiiicd with a comj)lete bilateral partition f»f tlie bladder into 
two elongated sae's, witli a siip])ly of venous blood from a true 
jndmonary artery, and with the eommunication of the ductus 
]>ncnmaticus, as in the l*olyj)(erus^ with tlie ventral surrace ol'the 
< esophagus. 

A t the first introduction into tlie Animal Kingdom of a true 
lung, or air-breathing organ communicating with the ])harynx or 
o'Sivpliagns, mneli variety of form and structure, much inconstancy 
ev(‘n as to existence, might be ex]>('cte(l, especially in that class in 
which the nornnd (unction of the new organ could be so seldom in 
any dcg)*ee (^xer( ised, and in which, therefore, diil’erent accessory 
or subordinate ijflices ]n*cdoininate in sucli rudimcntal rcpr('se]i- 
lative of tlie jnilnionary organ. Then' is no swim-ldadder, for 
exain])le, in the orders //c/c/Yyv/zr///, and Phujinsfoml \ 

it is pr(*sent in one of tlu^ families ((ilafUiUo) of the tboracic sub- 
order of ///nn.v/;///////?, and not In the other family ( Pleffrourctiflfc); 
hiwo. we can associate its ahsencci with the jK'culiar tiatteued 
form mill grovelling habits of the .S|)e(‘ie.s. In like manner we may 
account (or the al>sen(*<*. of the air-hladdm* in the Angh'r 
wliich haliitnaliy kec|)s the soa-liottom : hut Hie ineehanical ex]hi- 
nation ol’the absence or rudimental condition ol'tlie swim-bladder 
i.s not So obvious in regard to the Acauthoplerous genera 7V/’c/,s*, 
Perrophis^ P'Jr(/inifSy Au.rU, Trffrhj/jtterns^ and Gf/nmrtniti, A. 
Ijirge and (dh'ii com|)lex air-hhidder exists in most of the iSiluroid 
lislnxs ; but tin', gxmera J.ortrjtria^ Nliim lcpis, and Uf/posfoma are 
exceptions in tliat fanuly, having no air-bladder. What is more 
inexplicable is, that while vsome sjiecies of the same genus, 
Piib/nnnus and Sromhrr for cxainjile, liavc a large swim-bladder, 
otlu'rs want it, or have it of extremely small size. 

The variation in respe«*t. to the presi'uee m* ai)sence of an air- 
duet {ilurtns pacnnuiticas) is ex])rcssed in the charai'tors of the 
onh'rs in the (Classification of Fishes, pj>. 10- 12. '^^Hic duct, 
which is .sliown by its place of communication with the l)cginning 
of the o\so]»hagus, ami by the riidimcutal larynx, in Polypt^Mais 
and Ije])idosiren, fig. .'110, c, to be the homologvie of the trachea 
of air-breathing Vertebrates, is a sim])le and delicate membranous 
tube ; l)ut it presents considerable variation in its length, diameter, 
and place of eommiini(*ation Avith the alimentary tract. In the 
Herring the ductus pnenmaticus is produced from the jiostcrior 
attenuated end^of the cardiac division ol* the stomach, fig. 281, /, 
and ()j>cns into the fusiform air-hladdcr at tin' junction of the 
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riiiddlo and posterior thirds of tliat on>*anJ Tlic long, narrow, 
and lloxuoiis duel us [uuMmiatiiais is conliiuicd from iho forepart 
of the posterior division of llie air-ldadder iti the (^yj>rinoids, and 
o])cns into the dorsal part, of the (esopliagns, fig. 229, s?/ : llie 
short, straight, and wide ductus pncuniati(uis, in tlie L<>])idostcu,s, 
opens also into the d<n*sal ])art ol'thc resojihagus, the oriiiee being 
served by a s])!nni*ter; in the /Cn/fltri/nrs the air-duet (‘oifinui- 
nieates with tlie side of the <eso])hagus ; in Pohfpt.cms^ as in 
LvpUlmirou^ with the under or ventral jiart of the beginning of 
the <eso})hagus, - 

The ])rinelpal scat of the vaseidar ramifications in the air- 
bladder, like tliat in a true lung, is the mucous liiiing membrane; 
but the modes of ramification in the jirimitive piscine form of the 
air-breathing organ are as variable as any of it.s otluu' jiropertles. 
Tlie arteries of the air-bladder are derived someti]n(‘8 direetlv 
from the abdominal aorta, sometimes from the eodiac artery, 
sometimes from the last brauehlal vein ; and in tlie Li'pidosiren 
they are continued from the aortic termination of the two non- 
rainified Ijranchlal arteries, fig. 812, and theretore convey 
venous blood to the C(‘llular, lung-like, iloulile air-bladder. The 
veins of the air-bladd(*r return. In some fishes, to the portal vein ; 
in some, to llie liopatic vein ; in some, to the great eardinal vein ; 
and, in the Lepidosireii, ib. ;/, they penetrate, by a eommou 
trunk, the great post-eaval vein, il). c, formed liy the coulhiemH* 
of the visceral and vertebral veins of the trunk; l)ut instead oi‘ 
tiu’ininating tlu're, the pulmonary venous trunk jiasses I'orward, 
through tlie sinus and auriel(‘, to the entry into the ventricle, and 
there tevmlnat<\s above tlic valvnlai* eartilaginons tnlierch*. Tims 
the aenited blood from the lungs enters the ventricle directly, 
instead of lieing previously mixed with the A’oiioiis blood In the 
«anriele. 

Tlit^ vascular system of the lung-llkc alr-hladd(’rs of tlie 
Proto])terous and Ganoid .Fishes forms no ^ relia mirahilia ’ or 
vaso-ganglions, Irut resolves ibself into a generally diffused 
rctienlar eaiiiilary system, wliich is much richer and closer in 
tlic •more Bu])di\ idcMl and thi<*ker eellnlar structure of the ant erior 
than of the |)Osterior parts of the bladders in the ’Ijcpidosiren. 

In th(* Osseous Fishes the jirineipal forms of the terminal 
divisions of the arteries of the air-hladd(‘r arc as follows: - -1. A 
resolution of tlie smaller ramifications into fan-like tufts of 
eaj)iIlario.s over almost every part of the inner siirfiice ((hirp). 
2. The forinatlon of similai*, but larger and ^nore localised, 

‘ rxir. vol. ii. pi. viii, fip. 1. ^ = xxi. 1811, p. 194. 
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radiating tufts (Piko); in I)oth without any special aggregation 
of the (*aj)illari(‘.s t(> form a ‘ vaso-gangTnni.’ ‘k "fhe conversion 
of the tufts by ra})i(l .siil)divisio!i into capillaries aggregated so as 
to form rod gland-like bodies; the capillaries reunitijig into larger 
vessels, wliicli again ramify richly round the border of the gland- 
lik(i body; tlie rest of tin*, inner surface of tlie air-bladder baving 
tlie. (trdinary simple eapillary sysTAUu (Percb and (kul). lu the 
(,oil-fish, a Iarg(? artery, a branch of tlu^ cmliac, and a still larger 
vein, which empties itself into the mosenterle, ])erforato together 
the lihrous tunic of the swim-hladder. Tlefore tliey reacli the 
inner snrfaee, they divi<lc into some branches, which then radiate* 
and subdivide upon the mneons memhrajie ; the arterioles 
fr('<[uently anaslomoso together, and the venules as freqiu'iitly 
anastomose with each otlier: both are im‘xtrl(‘al)lv interwove*!!, 
and (oi’in the', basis of tin* so-called ^air-gland, Wbicli is essenlially 


a large ‘ bipolar rete miral>ile,' or 
vessels of this body foi*m loo]>s, 
where the arteries return i!ito 
veins, lig, ,’12S, and these loo]>s 
ai‘(^ covei'ed l)y a. layer of vessels 
and epitlieliiim, a, a, I'bis organ, 
liowever, is furdier co!!iposed of 
a number of ))eeuliavly arrangeal, 
elongated corpuscles, wliicli de- 
pend in two row^s from eaeb 
vaseular branch, ami are bound 
tog(‘jlier by a loose cellular 
tissue: the corjmscles are beset 
Avitli fine villi form ] processes. 
T\n) blood returns from the vaso- 


vaso-ganglion. I'ln; ultimate 
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gaiio-lions by small veins wliicli rarely accoini. any, more eommonly 
cross, the arteries. 4. The two cliicf ‘retia rniraliilia,’ or vaso- 
San^lioiis, in the air-bladder of the I-icl and Confrer, wliicli are 
situated at the sides of the ojieiiin" of (I,(. air-duet, are also 
‘ hiliolar,’ and consist of both arterioles ami venules: they consist 
of straight parallel capillaries, as in lig. : their efferent tnmks 
do not I'amity in the iinmcdiatc margin ol the vaso-gangHou from 
which tliey issue, as in the vaso-gaiiglions of the Cod, Hurhot, 
Acorinc, and Perch, hut run for some distance before the}' 
again hraneli to form the common capillary system of the lining 
nii'inbranc of the air-liladdcr. ' " ” 

Uathke' lailed to detect the opening of the air-duct with the 
* CXI. ‘ Hebev tlie Seliwiinm-blsisc ciniger Kisclio,’ ]>. OS. 
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r;ir:il]i.-l Vf-fJsrN of tin* \ nf I In* rnr-lilji.lilor, 

K.'l rri.wni. 


(rsopluigiis iM tlu^ I’icl ; hut Do la lloclio liad well (]escril)efl tlio 
o1)li(|uo npevhuo^’ and aecuratoly cites ibo whobi family nl‘ the 
lids as lislies liavin;^'^ l>t)tli the so-called ‘ air-gland ’ am! the 
jmenmatic duct. It iiad heon supposed that the vascular ‘ air- 
glaiur was present only in those fish(\s wliich could not derive 
the gas<‘ous contents of their swiin-hladdcr from wiihout; and 
um|uestional)ly in those fislies Avhich have the sliortesf and 
wddost du(‘ts (Sturgeon, Ainia, lirythrinus, Le[)idostcus^ Lepklo- 
siren, rolypterus) the supposed air-seercting vaso-ganglions are 
not developed. Siiieo Professor Alagniis has determiiuHl the 

existence of free carhonie 
a(‘id gas, of oxygen, and <)f 
azote in the blood, and dis- 
solved in different propor- 
tions ill the venous and the 
arterial lilood, it may be 
readily conceived that tlu? 
venules of the vaso-ganglions may witlnlraw (*arbonic acid gas 
from the arterioles, and that these, may I'oach tlie inner surface of 
the air-bladder richer in oxygen and ]>oorer in (‘arbonic acitl than 
when tln'.y penetrated the vaso-ganglions.*'^ 

'^riie air-duct may allow the gas to escajie under certain eircum- 
stances ; ami the small size and obliquity of its orifi<‘C in many 
(.)sscous Fishes ((kirp, Kel) seem only to adapt it to act iis a 
safety-valve again.st sudden expansion of the gas when tluj fish 
risi'.s to the sui'face:'^ but in the higher organised s])ecies above- 
cited, with short and \vide air-duets, these may, likewise, convey 
air to the Idaddor. 

11ie contents of the air-ldad<ler (•onslst, in most freshwater- 
fishes, of nitrog(‘n, and a vm-y small (piantlty of oxygen, with a 
trace of carbonic, ac.hl gas: but in the air-bladder of sea-fishes, 
and esjjeciallv" of tho.se which fre([uent great depths, oxyg<Mi 
predominates,'’ 

In tliC gem^ra S/fundon, iMalaptrnrnis^ and some 

other Siluroids, the axi.s vertebra sends out. on each side a slendin* 


' V xvji. j). ‘20L “ xxi. 1841, p. 98. See also Dr. J. Davy, in Thil. Trans. ISliS. 

“ Ncitlior tlie air-duct nor the elasticity of the air-hladdcr arc equal to ])revent the 
eonsc(incncc's of a too rapid removal from the enormous )■lvs.snre which lishc.s sustain 
at p'eat dtrpths in the sea; tho.se that arc drawn up (piickly by the hook are often 
found to have tlie air-bhuhltr vn])ture(l, and sometimes tlie stomach i.s protruded from 
the mouth by the ])ressHie of the suddenly extricated and expamUnl ga.s. 

’ Ilumholdt found the ';as in the uir-hladder of the cleetric Gymnotus to consist of 
90° of uitro.i^am and 4° of oxy^'cn. Eiot found 87° of oxygen iii some of the deep- 
sea Mediterranean fishes, the rest nitrogen, with a trace of carbor.ie aciil. No liydro- 
gen has ever been detected in the air-hh'uldors of lisli'os. 
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j)roccss, which expands at its end into a large round plate : this is 
applied to the side of the air-bladder, and can be made to ]>ress 
u|)oii it, and expel the air through the duct by the action of a 
small muscle arising from the skull. In some sj)ecics of Gadus 
muscular fil)res extend from the vertebral column u})on the air- 
bladd(u\ The nerves of* the air-bladder are derived from the vagus 
after itJias received organic fibres fi*Om the sympatlietic, fig. 229, f. 

Viewing the general modifications and relations of the air- 
Idaddor tliroughout the class of Fishes, we cannot but discern and 
‘admit, notwithstanding sonui seeming capricious varieties, that its 
chief and most general function is a mechanical one, starving to 
regulate the specific gravity of the fish, to aid it in maintaining a 
pai’ticuhir level in its element, and in rising or sinking as occa- 
sion may servo. The genend law of its absence in the parasitic and 
sii(‘torlal Dermoptm\ and in all ground-fishes, as the Plmroiwctida* 
aud llay-tribe, supports the above conclusion. l>oi*elll‘ found 
that those fishes whose air-bladders \verc burst sank to the hottoin 
and were unable to rise. Nor does the absence of the air-bladder 
in the surface-swimming Sharks militate against this view of its 
physical function: for thougli the air-bladder serves, it also 
enslaves. It opposes, for example, tliose Fishes that possess it iii 
their endeavours to turn on one side, and it demands a constant 
action of the balancing fins to prevent that complete u])sctting of 
file body which it occasions from the weight of the sujierimposcd 
vertebral (‘oliimn and mnsclcs when life and action are extliiet. 
Tlie Sharks recpiire, by the position of their mouth and in their 
common pursuit of living prey, freedom in turning and great 
v ariety as w(dl as power of locomotion : if they are not aided 
by a sAvim-bladdcr, neither arc their muscular exertions iuipcdcd 
l»y one; whilst their swimming organs acqnin? lliat degree of 
<]evelopeinent and i‘orce which suffices for all the evolutions they 
are called upon to perforin. With regard to the accessory offices 
ot the air-bladder in relation to the sense of hearing, the chief of 
lliese remarkable modifications by which it is brought into coin- 
nmuication with the acoustic labyrinth have been already deserilied, 
p. 344, In a few genera the air-bladder and its duct 

;u*c subscr.vient to the production of sounds. 

Under all its diversities of structure and function the homology 
of the swiin-l)ladder with the lungs is clearly traceable ; and 
finally. In those orders of Fishes which lead more directly to the 
fvoptilia, as, for exa.inpl(% the salamandroid Ganoidci and PrutopUnd^ 
those further modifications are superinduced uj)on the air-bladder, 
* ' cxxxi. cap. 23. 

• K K 
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by which it becomes also analogous in function to the lungs of 
the air-breathing Amphibia. 

l''he Lepidosiren amiectms^ Inhabits a part of the river Gambia, 
which in tlie rainy season overflows extensive tracts, tliat arc 
again l(?ft dry in the dry season. Those which do not follow the 
retreating waters escape from the scorcliing rays of the African 
sun by l)urrowing in the mud, which is soon baked hardr above 
them; but tlioy maintain a communication with the air by a 
small aperture, and, coiling themselves up in their cool chamber, 
clothe themselves by a layer of thick mucous secretion, and 
await, in a torpid state, the return of the rains and the over- 
flowing of the mud-banks. The advent of their proper element 
wakes them into activity : they then emerge from the softened 
mud, swim briskly about, feed voraciously, and propagate. 

The peculiar modifications of the gills and air-bladder of the 
Lepldosircn are jirecisely those which adapt them to tlic peculiar 
conditions of their existence. In the inactive state into which 
they are thrown hy their false position as terrestrial animals, the 
eirculation, which would have been liable to be sto])ped had all 
the hranclilal arteries developed gills, as in normal fislios, is 
carried on through the two persistent jiriniitivc vascular channels, 
fig. fll2, 2 and 3. Whatever amount of respiration was reijuisite 
to maintain life during the dry months is efleeted in tlie pulmonary 
air-bladders; its short and wide duct or trachea, the (csophagcjal 
orifice of which Is k('pt open by a laryngeal cartilage, llg. 3l(), /' 
introduces the air directly into the bladders : the blood trarisinitteii 
through the branchial arches to the pulmonary arteries, lig, fll2, /', 
is distributed by their ramifications over the cellular surface of 
the air-bladders, and is returned arterialised l)y the jmlmonary 
veins, ih. /?, ;/. A mixed venous and arterial blood is thence 
distributed to the system, and again to the air-bladders. True 
artei’ial blood exists only in the pulmonary veins, and unmixed 
venous blood only in the system of the veiue cavfc ; whence the 
necessity, apparently, for that fieculiar aiTangcmcnt by which tlie 
arterial blood is conveyed directly to the ventricle by the pul- 
Vionauy vein. When the Lepidosiren resumes its true position as 
a fish, the branchial circulation is vigorously resumed, a largia- 
jiroportion of arterialised blood enters the aorta, and both the 
nervous and muscular systems receive the additional stimulus and 
support requisite for the maintenance of their energetic actions. 

Anatomists and physiologists have expressed different views as 
to the homologies and analogies of the respiratory organs ot 


XXXIIT. 
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fishes. Indeed the essential distinction of those relations has 
seldom l^een clearly kept in view. When we read in the 
latest edition of the Comparative Anatomy of Cuvier: ‘the 
gills ar(3 the lungs of animals absolutely aquatic ; ’ ^ and, with 
rc'gard to the cartilaginous or osseous supports of the gills, 
‘ they arc in our opinion, to the gills of fishes, what the carti- 
lagincgiis or osseous tracheal rings lire to the lungs of the three 
superhir classes:’* wc are left in doulit wliether it is meant 
iliat the gills and their mechanical supj)orts merely perform the 
same function in Fishes which the lungs and windpipe <lo in 
Mammals, or whether they are not also actually the same parts 
(litferenlly modified in relation to the different resi>iratory media 
of the two classes. Gcoftroy St. Hilaire leaves no doubt as to 
his moaning where he argues that the branchial arches of fishes 
arc the modified tracheal rings of the air-brcatliing classes; we 
])erceiv (3 that he is enunciating his belief in a relation of homo- 
logy. The truth of his pi*oposltlon will be best tested by first 
cousidciving the homologies of the air-bladder of fishes. In the 
I^cpidoairen the notochord, the parapo|)hyvses, the attachment of 
the scapula; to the occiput, the branchioKStcgal covering of the 
permanent gills, the opercular bones, tlie presence of a spiral in- 
testinal valve, the relative position of the anus, the extra-oral 
nasal sacs, the scaly integuments, the mucous tidies on the head, 
tlie ‘ lateral line,’ in short, the totality of the organisation of 
the Le[)i(lo3iren, exemplify its fundamental ichthyic nature. It 
is extremely interesting to find the Ganoid Polf/j>ferus, which 
of all osseous fishes most closely resembles the Lo])idoslrcn in its 
spiral intCvStinal valve, in the bipartition of the long air-bladder, 
t he origin of the arteries of that j)art, and the place and laryngeal 
mode of communication of the short and wide air-duct or wind- 
pi jie, also. presenting the closest agreement with the Lcpldosircn 
in tlie Important character of the form of the brain. The common 
objection to the view of the air-bladder of fishes being the rudi- 
mental homologue of the lungs of air-breathing Vertebrates has 
b(Hiii, that the artery of tlie air-bladder carries arterial blood, that 
oi* the lungs venous blood. But in the J^olypterus and Lepido- 
sircu, in. reference to this character, the arteries of air-ldadders 
are derived from the returning dorsal jiortions of the branchial 
vascular arches before their union to form the aorta. In the 

* ‘Lcs branchics eont les poumons dcs animaux absolument aquatiques.’ (xm. 

'vii. p, 164.) 

“ ‘ Kilos sont, it notre avis, aux branchics des poisson?, co quo Ics ccrccaux carti- 
bigincux oti osseux dej voios acriennes sont aux poumons dcs trois classes supe- 
noiircs.* (Ib. p. 177.) 
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Polypteriis the artery of each air-sac is formed by the union of 
the efferent vessels of the last gill : the blood is, therefore, 
arterialised before entering the artery of the air-sac. In the 
Lei)idosiren, by reason of the non-developement of gllLs on two 
of the branchial arches, the blood transmitted to the air-sac is 
venous. But this diflierence relates only to the presence or 
absence of a particular developcment of the branchial vascular 
arches, from which the air-bladders of the two species arc supplied 
witli blood : it is a ditrercncc which modifies the function without 
at all changing the essential nature of the air-bladders tlieinscl ves : 
the relative position of these vascular sacs, their form and size, 
their mode of communication Avith tlic (esophagus,— in slmrt, 
every character by wliic'h relations of homology are determined, 
— are the same in both Polypteriis and LepidosircuL^ The lungs 
of the Lc^pidosiren being, then, iine([ui vocally the liomologuos of 
the air-bladder of tbe Poly[)terus, it follows that they must l)C 
homologous with the air-bladders of other fishes, Avhatever be the 
modifications of fbmi or function of sucli air-l)ladders. Bclwccu 
the conii)lc-tely dlvidcHl air-bladder of the Polypteriis and the un- 
divided air-blad(l(‘r of the Lepldosteus there are numerous dc^grecs 
of bifiiroation in the scries of iislms : it is to the undivided slate 
of the air-bladder in the Lepidosteus that its more strictly dorsal 
position, and its (X)minunicalion with that asp(jct of the (csojihagus, 
are due : these modifications, li(jAvever, do not affect its relation 
ot homology Avilh the divided air-bladder of the allied gemis 
Polypteriis, any more than Avith the divided air-bladders of the 
Cohdis hiirhafnla or Anj/s f/tif/oray in Avhich the divisions arc con- 
fined to the fore part of the abdoiiicn, and are inclosed in osseous 
cups dcvelo])cd from anterior trunk- vert ebne. 1.1nis, the series 
of transitions traci^abhi in the air-liladders of fishcKS jn’oves thosti 
ot the Lepidosiren to he the homologous organs ; Avhilst tlu^ 
dovelopement, relative position, and connection of tlie lungs of 
the Batracliia ccjiially jvroAc; those lungs to be the homologncs of 
the air-l)laddcrs ot the Lepidi^siren. Consecpieiitly, the air- 
bladder of the Fisli is homologous Avith the lungs of the Batrachian 
and of all air-breathing Vertebratc^s ; altliougli the air-bladder of 
the fish do(‘s not perform the function of a lung, but Jis analo- 
gous to tli(‘ air-chambers in the Nautilus shell. 

§ 8/. Jilood nj lleptihts, — Tlie blood of Jieptilcs has red cor- 
luisclcsof a flattened suh-biconvex elliptical shape; pro|)ortionally 
.smallest in OphidiUy roundest in CV/c'/owm, and largest in 4m : 

' Compare xxxm. pl.xxvii. figs. 3 and 4, with xxv. pl.ii. figs. 5 and (>, and fig. .04, 
XXXIII. p. 182, with xxv. pi. ii. fig. 7. 
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ill these the size is greater in the ratio of the persistence of the 
hranchial apparatus ; and the pcrennibranchiatos jircscnt tlic 
liiggest blood-discs absolutely^ as well as in proportion to llie size 
of the body, of all vertebrate animals. The two extrenies iii the 
relative size of the blood-discs in jiuhnonated lLemato('rya are 
shown in those of a Crocodile, winch was twenty feet in length, 
p. 4, fig. 8, e, and in those of a Siren laeertinn^ which was two 
feet in length, ib. /. The latter, which are just visible to the 
naked eye, serve to demonstrate the highly refractive divisions of 
the nucleus, and the nuclear capsule.* 

There is less blood in cold-blooded than in warin-l)looded 
animals, and more blood in some fishes, the Ihmny, e. g., than in 
any rej)til<;*. Dr. cTosoph Jojies ^ esliinates the average quantity 
of hlood to be: — 


In Sorpents 
Kmys terrapin 
P.niijit serrata 
Testwh polpphcmu.'i 


to of the weight of tlic body. 
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lllood drawn from a living Batracbian is of a ))iirpUsli red 
colour, and coagulates into a clot inclmling tlic discs, floating in 
clear serum. Tlie clot is firmer than that of fishes, but loss firm 
than in allantoic reptiles; in a few hours the clot dissolves and 
liberates the discs. In tlie recently drawn blood of Chchnia 
most of the discs settle at the bottom of the vessel, and are not 
included in the clear clot which forms above tliem. Tlie fibrin in 
this clot specullly passes into alhumon. The colour of the serum 
in most reptiles, e. g. Bafrachia^ Ophidia., CrocodiUa, and some 
(Jhdonia ( Testndo polyphemus)^ is a light yellow : in many carni- 
vorous Chrlonia {^Ernijs serrafn^ Jd, reticulata^ E, terrapin)^ it is of 
a golden colour. AVheii treated with a drop of sulphuric acid, 
and gently heated, the peculiar smell of the species, due, c. g. in 
the Alligator, to the musk-glands, and in the Kattlesnake to the 
anal glands, is plainly developed. 

The blood of Ophidia contains the greater t pro|>ortion of solid 
constituents, in the cold-blooded Vertebrates.^ 

§ 88. Veinft of Reptiles, — The capillary Idood-vessels having a 
calibre .proportionate to the diameter of the blood-discs winch 
flow along them in single file, arc largest in the Batrachia^ in 
which class the best examples are afforded for demonstrating to 


' ccLxxiu. and cclxxiv. * ccxlv. 

* Dr. Joseph Jones, frojn whose excellent and original work (ccxlv.) most of the 
above particulars arc taken, suggests that the richness of the ojdudian blood may he 
due to the fact of serpents seldom, if ever, drinking. The coinjiarativcly unimportant 
details of the diameters of reptilian blood-discs may be scon iu ccxxxix. tome i. 
p. 89. 
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Oaplllaricd 'vith Muod-dJi^ot* of I ho \voi> of tJie foot, 
Frog, uiagn. cci.\vii. 


331 


the eye the circulatory motion of the Wood, flowing constantly 
from the arteries to the veins, as seen, c.g. by transmitted light 

ill a membranous part of 
the frog’s or newt’s struc- 
ture, under the micro- 
scope, fig. 330. 

The venous system of 
Batrachians resembles that 
of Fishes in tlie degree in 
wliich tlie species retain 
the [lisclnc character. The 
cardinal veins, essentially 
those wliich return the 
blood Irom tlie osseous and 
muscular segments of tlie 
trunk, are largest in the 
Pc rennibranchs, and de- 
crease, as the hliid-limhs 
acciuirc more size and 
power, in the Newts and 
Land-Salamanders, until, 
in the tail-lcss and long- 
legged Frogs and Toads, 
the |)rimitive venous trunk 
of the body is reduced 
to the condition of the 
^azygos’ vein in Mammals, 
ancl the great bulk of the 
blood is submitted to the 
influence of tlic kidneys 
and liver betbro it is re- 
turned to the heart 
In the F rog, fig. 331, the 
blood being collected from 
each hind-limi) into an is- 
chiadic and iliac vein, these 
unite into a comnlon iliac 

y 

vein, which divides. One 
branch joins that of the 
opposite iliac, and receives 
tlic vein of the great allan- 
toic bladder, to form tlm 
umbilical vein,’ fi< 331, w; the other branchli if, goes to the 
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kidney of its own side. It inclines to the outei’ border of the 
^land, and divides into two branches, which raniify in the renal 
tissue. The vein of the genital glands and conduits, and a vein 
from the luiiibo-dorsal segments, also enter and ramify in the 
kidneys. The blood of this ^ rcni-portal ’ system is collected into 
a sinus at the inner border of each gland, and is conveyed 
by tlia vein, Ii, into the postcaval'^runk, v. The umbilical vein 
ascends along the ventral aspect of the al)d()men, attached to the 
mid-line of the muscular walls of the cavity : as it ap))roaclies 
the liver it sends branches which penetrate directly the hepatic 
tissue, and a branch which receives the veins of the intestines, 
spleen, and stomach; but, before completing the portal system, l, 
it sends a small vein directly to the ])Ostcaval, near the auricle. 
The liejiatic vein, /, joins the postcaval trunk, v. The blood 
from the bead and fore-limbs is collected into a right and left 
jugular and axillary triudv, which unite to ibrvn a ])recaval vein, 
on each side. The postcaval vein, in the Percnnibranchs, after 
receiving the renal veins, is suspended by a dujdicaturc of peri- 
toneum to the back of the abdomen, tlie Ibid being continued 
from the vein to the mesentery ; it enters a groove or canal in the 
liver, and receives tlie’hepatic veins and the left jirecaval, before 
terminating in the aurlcidar sinus. There are a few valves in 
the venous trunks of BatracMa ; but tlicir chief chara(itcristi(‘- is 
the presence of ‘ striped fibre ’ in the mnscular coat.* This is 
associated with the faculty of rhythml(*al pidsation in the post- 
caval, axillary, and iliac trunks, independently of the pulsations 
of the lieart.^ Tlic abdominal venous trunks traverse wide lymph- 
reservoirs ; and their exterior is here and there roughened by 
little vasoidar loops, floating in the lymph, but communicating 
cx(‘lnsiv(dy Avilh the motlicr-vcin.*'* 

In Ophidm the cutaneous veins of the trunk and intercostal 
veins communicate Avith a large abdominal ATin Avliicli runs along 
the under part of the abdominal Avails, and answers to the umbi- 
lical vein in BatracMa. The caudal vein biliircates on entering 
the abdomen, each division after receiving l)lood from the genital 
ducts and contiguous intestine, attaches itself to the kidney, aTid 
ramifies upon its several OAxrlap|)ing lol)es: the efferent it-nal 
veins unite to form a trunk, Avhich, on emerging from the inner 
atid forc-])art of the kidney, joins its felloAV to form the postcaval 
vein, Tlic veins of the intestinal canal, genital glands, and fatty 
appendages, Avdiich have not contributed to the reni-]>ortal system, 
unite Avith those of the pancreas and ^splecn to form the liepato- 

* CCLXXVlI. ® CCLXX. * CCLXXVri. 
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portal veiu : this dilates and describes a spiral curve on entering 
the liver, and has a valvular structiiro ensming the onward ih>w 
ot blood to the elongated gland, during the coinpression exercised 


in the contortions of tlie Snake. 

332 



The hepatic veins enter the 
postcaval, and this large trunk 
terminates in the hind end of 
the long auricular sinus 
TIic blood from the head and 
fore-part of the body is ]*e- 
turned to the fore-part of tlu^ 
sinus by a jugular vein and an 
inferior azygos vein, each of 
which has a pair of valves at 
its termination : and by a su- 
2 )erior azygos vein, which has 
thi'ee valv'^es at its termination: 
there is a fourth vein, ans^ver- 
ing t(.> tlie left pi*ccaval, wliicli 
passes behind the left anrichj 
to terminate in the right sinus 
auriculaj near the postcaval 
orifice: it receives tlie coronary 
vein liefore its termination. 

In Laeertians the blooil 
from the hind limbs is partly 
conveyed l>y a rcni-portal 
vein, fig. 332, K, to the kid- 
neys, and partly by a trunk, 
which communicates with the 
caudal vein to an umbilical 
or sub-abdominal vcin,L: this, 
as it advances, collects blood 
from the ventral walls of tin? 
trunk, and receives a recur- 
rent thora(‘ic veiu : It thou 
comraunicates with the trunk 
of the gastro-iiitcsiiiuil, pau- 


ccLxvir. crcatic, aud splcTiic vcius, 
to form the gi’eat portal vein which penetrates the liver. The 
renal veins, A, unite to foi’iu the postcaval, v, which afterwards 


receives tlie hepatic veins, and proceeds to tiic auricular sinus. 


A small cardinal or azygos vein, returning part of the lilood 


from the tail, advances along the hack part of tlic abdominal 
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cavity, receiving tlie segmental or vertebral veins, and terminates 
in the left precaval vein. The jugular and the axillary trunks 
unite to ibrin a precaval vein, fig. 332, on eacli side, the left of 
which as usual passes behind the auricles to the postcaval orifice 
of the sinus. 

In the Chelonia the blood from the tail and hind limbs is 
coTiVs^yed along the plastron by ""a pair of ^ umbilical ’ or sub- 
abdominal trunks, which receive the veins of the large allantoic 
bladders, and the meseraic veins, to form the great portal trunk. 
A small derivative branch from the posterior part of each umlii- 
llcal (.•onnnunicates with lumbo-dorsal vert(;bral veins, and with 
some veins iVom the genital organs to form the reni-portal veins. 
The renal veins iinilo with the ovarian or tcslicular vifins to form 
the j)Ost(*.aval, which traverses the liver and receives there the 
hepatic veins : the wide and short trunk, fig. 336, v, tlien termi- 
nates ill the auricular sinus. I'he blood is returned from the 
liead and fore-limbs by the jugulars, figs. 302 and 304, ?', /? jvnd 
from the axillary veins, ib. A, h. Each axillary luiites with tlu^ 
jugular of its own side to form a precaval vein : the right and left 
preeavals enter separately the auricular sinus, the left precaval 
opening near the ])osteaval vein. 

Ill the Crocodile, the caudal vein, on entering the abdomen, 
divides into two trunks: each unites with the isclvial and iliac, 
veins of its own side and advances towards the kidney. Here 
the trunk sends off a renI-])ortal vein, and is tlicn continued 
towards the hcjiato-portal system. The renal veins Itoiu the Inner 
side of the kidneys unite to form the postcaval, fig. 339, v, 
which receives the left precaval, fig. 340, v**, at its entry into the 
auricular sinus, ib. s : the hepatic veins open separiitcdy into the 
contiguous end of the sinus, fig. 339, s. The blood from the hcavl 
and forelimbs is conveyed to the heart, as in other Reptiles, liy a 
]>air of preeavals, of which the right, ib. v, terminates in the fore- 
part of the sinus, and the left traverses the back jiart of the heart, 
receiving the coronary veins, to join the postcaval or to terminate 
near its auricular orifice. 

§ 89. Heart of lie pt lies, — In Lepidosiren the vein from the lung- 
like aljc-bladders traverses the auricle and opens directly into tlve 
ventricle. In Siren the pulmonary vein dilatCsS, before commu- 
nicating with tlie ventricle, into a wSmall auricle, which is not 
outwardly distinct from the much larger auricle receiving the 
veins of the body.^ This is remarkable for its large size, tbiu 
walls, and hollow, fimbriated processes, which overlap and almost 


XXXIIl. 
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conceal the ventricle. Tlio two precavals and the postcaval 
terminate in a sinns, which the pulmonary venal trunk seems to 
enter, but to the inner surface of which it adheres in its course to 
its proper auricular chamher. The ventricle is obtuse and some- 
times sub-bifid at the apex : it is connected to the pericardium by 
the usual reflection of the serous layer upon the bulbus-artcriosiis, 
and also by a fold reflected from the apex upon the coronary^ vein, 
which is thence continued to the venous sinus. The muscular 
parietes of the ventricle are about a line in thickness, and loosely 
fasciculate. The cavity is partially divided by an incomplete 
septum, lorminating by a concave border opposite the orifice of 
the artery, on each side of which are tlie valves closing the two 
auriciilo-veutricular orifices. The aorta, narrow, and with thin 
walls at its commonccmeiit, after a short subspiral course, tblckeiis 
into an (dongate‘ bulbus arteriosus,’ wdii(*Ji includes a longitudinal 
valvular prominence, grooved at its fore-part in coiTespondcnccj 
with the origins of the branchial arteries. There is a .pair of 
valves at the origin of the aorta, and a second pair near the 
begiiming of the bulb. Tlic distinction of the pulmonary from 
the systemic auricle, first observed in Siren, lias been since detcr- 
ininod in Mtmohrhvchus^^ Axolotcs^^ Amphiuma^ and Matopoma,^ 
111 Proteus^ in Avbich some of the blood of the puny lungs is con- 
veyed to systemie veins, the auricular septmn is not complete, 
according to Ilyrtl.'* In Ampkiuma the auricle is smaller and 
less fimbriated than in Siren, The ventricle is similarly connected 
to the pericardium by the apex, as well ns by the artery. This 
forms a half S[»iral turn at its origin, and dilates into a broader 
and shorter Vnill) than in Siren, 

In Mcnopoma the auricles arc still more reduced in size, and lie, 
as in S(damfmdr(i^ fig, 333, a, when undistended, to the left of the 
ventricle: their outer surface, as in Menohranehiis, is entire. Tlie 
ventricle is of a flattened triangular form : its cavity is occupied 
by the hiose fisciculate muscular structure through Avhich tlui 
blood filters, as through a sponge, from the small contiguous 
auricular apertures, each of Avhich has a simple valve, to the 
^ ostium arteriosiun.’ The artery inclines, with a slight twist, to 
the 'left, and swells into a subspherical bulb. The valves arc 
confined to the narrower part, and are in two transverse rows, 
four in each row, each valve of a conical shape, pointing forAvard.’' 
The first roAV is just above the ostium : the second is halfway 
between this and the bulb. 

* CCLXXVIII. p. 73. 2 CCLXXIX. p. 45. ® CCLXIX. p. 215. 

* CCLXXX. p. 258. * XX. ii. p. 45, pi. xxiii. iig. 2. 
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The piilmonic auricle augments in size with the more exclusive 
share taken by the lungs in I'espiration : but the auricular part 
of the heart shows hardly any outward sign 'of its division in 
Batrachians. It is small, smooth, and 
situated to the left and in advance 
of the ventricle, in Newts and Sala- 
manders, fig, 333, a. In Frogs and 
Toads the auricle is applied to the base 
of the ventricle, and to the back and 
side of the aorta and its bulb. The 
ventricle, usually of a more rounded 
form than in fig. 331, ii, is occupied 
by the muscular fiiscicull, except at a 
small part l)ctween the aiiricnlo-vcn- 
tricuhii* and aortal orifices. The bulbus 
arteriosus is incomjdctely divided by 
opposite longitudinal fi)lds,the margins 
of which meet, but remain free. 

In Serpents the heart agrees witli 
other organs in its elongate form. The Hoart, va!*cul.ar rind hyo-ljraiiclital 
auricles arc in advance of the ventricle, .• 4 .i.nat....sai u..ana.r 

their lower obtuse ends slightly overlapping its base : they are sepa- 
rated anteriorly by the co-cdongate inlrapcricardial origins of the 
arteries called ^ conus arteriosus,’ answering to the bulbous part in 
Ihitrachia ; a slight ‘ auricular ’ production of the right auricle is 
tied down to the arteries by tl\e serous layer of the pencardium. 

The right auricle consists of a sinus and auricle proper. The 
sinus receives three veins at its fore part; the orifice of the right 
jugular and of the inferior azygos is guarded by a pair of valves: 
iu the orifice of the superior azygos I found three semilunar 
valves; two veins open at the back or hind part of the sinus, the 
largest being the postcaval, the smaller one the left prccaval. 
Tlie aperture of communication with the auricle is longitudinal, 
near the middle of the sinus, of a full elliptical shape, guarded by 
a pair of membranous valves, situated witliiji the proper auricle. 
The sinus has the structure of the large veins, with the serous 
layer of the pericardium reflected over it. The auricle has a 
finely fasciculate muscular wall, thickest at its lower and fore 
part. The auriculo-ventiicular aperture is a semilunar slit, 
opening into the base of the ventricle, near the origin of tlie 
imlmonary artery, and defended by a short membranous valve, 
having one or two chordae tendineoe attached to its free margin. 
The left auricM is shorter than the right, but of equal breadth 
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when distended, and without a sinus. The pulmonary veins 
form a common truuk, about half the size of the postcaval, 
which advances, In contact with and to the left of the post- 
caval, to ()|)en into the hind end of the left auricle, without 
any valvular structure. The auriculo-ventricular orifice, shaped 
like that of the right auricle, is close to the termination of 
the pulmonary vein: it is guarded hy a short valve, at the 
hack of the base of the ventricle, to which choixhc tendinejjc are 
attached. 

The ventricle is conical, Avith an obtuse apex. More than half 
the cavity, including the apical })art, is occupied by a fasciculate 
decussating muscular structure, from which rises an inc(nn])let(i 
septum, sup|)orting tliat between the origins of the pulmonary 
artery and left aorta. The upper or fore part of the ventricular 
cavity is formed hy a flat sort of platform or root*, 8iip])ortiMg the 
auricular septum, and having the curved aurlcido-ventricnlar slits 
and valves i)n each side, with the concavities opposite each othei;, 
giving the roof a circular shape. 

The incomplete sci»tiun divides the anterior or sternal (pulmonic) 

cavity, whence the pulmonary artery 
arises, from that at the posterior or 
dorsal part leading to the orifice of 
the left aorta, and receiving the blood 
from the auricles: tins ventricular 
cavity docs not extend so near to the 
ajiex as the ])ulmonic cavity docs. 
Tlie part of the ventricle whence the 
right aorta rises is a still smaller 
space. A pair of semilunar valves 
guards the origin of each artciy. 

The heart in LarertiVui essentially 
resembles that in Ophiduiy but is 
shorter in proportion to its ln*eadth. 
The right auricle, fig. 334, A', is 
divided hy a bivalved orifice from the 
sinus; the left auricle, ib. A, has no sinus: it is smaller than the 
right. Eacli auriculo-veiitricular orifice or slit is guarded hy^i single 
valve. The ])ulmoMic cavity of the ventricle, fig. 334, ii, r, is 
divided from the aortic cavity, n', hy a partial septum, indicated 
by the dotted (nitline. The cavity ir' receives, as in Ophidia, the 
blood from the auricles, and gives off tlic left aorta, a, the right 
aorta, a', rising from its hai'k part. 

In Chelonia the heart, following, as in Ophidian the general 
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«liapc of the body, shows its greatest breadth, figs. 304, a, 33;>. 
Tlie two auricles, wlieii distended, arp of nearly equal size, and 
of a sub([uadrate form, fig. 33(5, M, O. Tlie bivalved orifice 
between the sinus and the auricle, ib. 

V, o, is a transverse slit. The white 
arrow, r;, shows the course of the blood 
from the right auricle, past the valve 
supported by the base of the auricu- 
lar septum, into the aortic cavity of 
the ventricle. In fig. 337 a bristle 
passes through the orifi(!e left by the 
iiuMunjdete sc[)tiim between the aortig 
and pulmonic cavities into the latter, 
winch is the largest in Eim/s^ as in 
Ophidia and IaiwHiVkii the bivalved 
orifice of the pulmonary artery, r, is 
shown. In fig. 338 that of the left aorta, 

A, is similarly exi)Osed, and the in- 
complete sc])tiim is cut through: the 
root of (he right aorta, a', is behind 
that ol‘tlie lelt. The relative position 
ot* tlie origins of the three arteries from the ehelonian ventricle 
is shown in fig. 33G, where r is the pulmonary, a the loft aorta, 
a' the right aorta, the most jiosterior, or dorsal, of ihe throe 
arlcrics. The ventricle is almost wholly occupied by a sijongy 
muscular structure, and the cavities 
are smallei* in Tcstiido than in Env/s, 

The left auricle, fig. 33(5, -U, receives 
the arterial blood from the lungs liy 
a single vein, the common trunk of the 
})nlmonary veins, ib. /, /: it opens into 
the liack ])art o(* the auricle near the 
septum, and Is guarded by a single 
oblique membranous fold, Ib. ^\, Each 
auriculo-vcntrieular orifice is giianlcd 
l)y a fold wlilch extends across it from 
either side of the base of tlie intcr- 
auricidar septum ; to that of the left Sti'iiriiirc ol heart of CV<c/i;s 

auricle a small part of the muscular 

structure is attached by chordie teudlneic. Opposite to the right 
valve a semilunar ridge projects, in Testudo iudlca^ which is the 
rudiment of the second auriculo-ventricular valve in the Cro- 
codile, and of the fleshy valve of that orifice in the right ventricle 
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of Birds.* The apex of the ventricle is attaclied hy a short fold 
of the serous ineiubrane to j;he pericardium, fig. 336, t. 


537 ?338 



.Srrin'iurc of ventrido, Emjis curnprcd. xk\ virr. 


In all the foregoing modifications of the reptilian Iieart the 
venous blood from tlie general system and tluj arterialised blootl 
from the lungs arc transmitted bv distinct auricular reservoirs 





A' 


ajjjlif riiiildo.'iiKl rontrido, Vrocodilut aevtiis 


into the ventricle, wlicre, 
througli the spongy cliaracter 
of the receptacle, and the tree 
intercommunication bctw(M:‘.n 
the basal s[>aces into whieh 
the auricles open and from 
which the arteries jwoceed, the 
blood is transmitted, in a more 
or less mixed state, to the 
lungs and to the general sys- 
tem. 

In the Crocodilian order a 
marked advance is made in tlie 
structure of tlie lieart. The 
l)lo()d from the general system 
is poured by the veins into a 
sinus, fig. 339, s, whence it 
j)asscs into a right auricle, ib. 
o, by the usual bivalvcd aper- 
ture. The auricle has (t more 
distinct ^ appendix,’ and its mus- 
cular walls are thicker than in 
loAver reptiles. The auriculo- 
A^entricular orifice is defended 


^ XX. vol. ii. p. 48, prep. no. 920. 
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not only by the ordinary valve on its left siile^ whieh is attached 
to the base of the auriculai’ septum, but by a similar though 
smaller fold on the opposite or right side: this fold becomes the 
fleshy auriculo-ventricular valve in birds. To tlie junction of the 
two valves at their lower angle a fleshy column is attached. Tlie 
ventricular cavity, ib. R, wliich receives tlie venous blood, propels 
it to .the left aorta. A, and to the pulmonary artery, r : the origin 
of each is guarded by a pair of semilunar valves. Jinmediately 
above the larsrer ol’ those of the left aorta is an orifice leading 
into the right aorta : in fig. a bristle is jiasseJ from 

the left aorta through this 
orifice into the right axil- 
lary branch, of the riglit 
or lirachio-cephalic aorta. 

In the figure, the valve is 
drawn down to show the 
orifice; in its natural state, 
it conceals and would cover 
the orifice as the blood 
flowed from the veutriclo 
into the left aorta. Some 
openings lead from, the j.)ul- 
monic cavity of llie ventri- 
cle into a spongy structure, 
which lias been defined as 
a particular cavity {sjfafium 
i/dervcntricularc) of the 
ventricle ; but it is essenti- 
al ly a part of the pulmonic 
chamber: Ijristles arc passed 
tlirougli the orifices or in- 
tercolumuar siiaces, leading 
from u to this structure, in 
fig. 330. Tlic left auricle, 
fig. 340,31, Avlien dlstcudcd, is smaller than the riglit, and of a more 
transverse form: its muscular jiart is produced into an ajipeiidage, 
wliich.alinost meets that of the right auricle In front of the ‘ conus 
arteriosus,’ embracing the ^ sulcus coronalls ’ of the heart. There 
is a small imlmonary sinus receiving the short trunks of the 
pulmonary veins, fig. 340, I, L TJic left auricido-veiitricidar 
aperture is defended by a broad membranous fold conllnued into 
the ventricle from the middle of the base of the inter auricular 
septum : to ito‘»margln are attached a few chordiu tendinoie : tlic 




512 


ANATOMY OF VERTEBRATES. 


cavity into which it opens, fig. 340, e, is distinct from the 
pulmonic cavity, the septum being complete : its Avails are smooth, 
or less broken by ‘columiiai carneie’ than in other Reptiles; and 
the free walls of this ventricle arc more compactly muscular. The 
ventricle is produced in a subconical form, from its l)ase to the 
origin of the right or brachiocephalic aorta : the auriculo-ventri- 
cular valve is slit, in fig. 340, to shoAv tlic course of the ventricle 
to tlie origin of tliat aorta; this has a pair of semilunar valves, 
above Avliich is the intercommunicating orifice Avith the left 
aorta. 

Thus the licart, in Crocodllia^ consists of two auricles and two 
ventricles, corrcsj)ondiiig to the ^ right’ ami ‘ left’ auricles and 
ventricles of iMammals. Rut, through the origin of an aorta from 
the right as Aveil as from the left ventricle, and their iutereom- 
munication, it follows that Avhencvcr,iroiu an impeded state of the 
pulmonary circulation, the right A^eiitricle and it^’. arteries become 
over-distended, die venous blood flows through the inter-aortic 
orifice into the arterial trunk, Avhicli, after siipjxlyiug the head 
and fore-limbs, bends, at a', over the right Ixrtmcluis and effects 
an union at a'^ fig. 339, Avith the left aorta, A, A. Such a state of 
the circulatjon coincides with and fa(*ilitates the long suluncrsiou 
of the Crocodile. When tlic animal is on land and hreathiug the 
air directly, the arteriallzed hlood flows freely into (lie ventricle, fig. 
340, L, and the synchronous currents from this and the oi)posite 
ventricle throw forward the valves at the respective origins of the 
two aorta^. and close the interaortal orifice. Tlie arterial and venous 
streams floAV on unuilxcd; the former to the brain and other parts 
of the head and fore-limbs ; the latter, by the branch. A, iig. 339, 
chiefly to the liver and contiguous viscera ; a small part inixiug 
Avith tlie arterial blood lii a', to lie transmilted by a" to the oilier 
abdominal viscera, hind lunbs, and tail. To -convert the Jicart of 
the Crocodile into that of the bird, it needs only to obliterate the 
le(‘t aorta; fig. 339, li, to ajipropriate tiic right or pulmonic ven- 
tricle, exclusively to the service of the pulmonary artery ; and the 
‘ left ’ or systemic ventricle to the service of the aorta, which in 
Uccmafotkertna is the exclusive distributor of arterial lilood, in an 
unmired state, to the general system. 

§ 90. Gills of Batra chid. The blood is conveyed in all Reptiles 
from the ventricular part of the heart, really or apparently by a 
single trunk, Avhlch, in the one case, is called the ‘ l)ul bus arte- 
riosus,’ in the other the ‘ conns arteriosus.’ Tlui iuterlor dcvelopc- 
ments by which the ” Imlhus ’ is converted into the ‘ conus,’ are 
interestingly gradational, and the insulation of the pidmonary 
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artery to its ventricular origin is not eftected until tlie Latracliian 
type is passed. 

In the lower or porenui branchiate nicinbers of the order, tlie 
single artery from tlie ventricle sends, as in Fishes, the whole o( 
the blood primarily to branchial organs, throughout life, and, in 
all Batrachia^ at the earlier aquatic period ot existence ; a 
description of the gills, permanent or deciduous, will, therefore, 
l)e premised. At page 87 arc described and figni*ed, tig. 69, the 
hyo-hranchial arch and a])pondagcs of the larva ot the Frog. 
The ha>slhyal, A, suspended hy ccra- 
tohyals, to the tympanic pedicle, 

Cy su})])()rts a pair of cerato-brancliials, 
c, which each send off four branchial 
arches. All these jiarts are (;artilage. 

The heart distributes the blood by a 
short trunk through tour pairs of vas- 
cular arches, wliich, bending round 
tlie irullct, reunite behind to form the 
aorta, llefore the larva quits the egg, 
a tegumentary tubercle buds out in 
front of the branchial cleft, and soon 
shoots into a trifid ap[)en(lage, fig. 341, 

A and n, ea(4i pnu^oss lengthening and hifnrcatirig after the larva 
is oxtrieated. These filaments, of (‘vlindrical shape, ib, (J, each 
support a single capillary 
loop, jmslied out from the 
primitive vascular arch, and 
are covered liy ciliated e|)i- 
thelinm, producing tlie cur- 
rents indicated iiy the arrows 
in c. The branchial eftvity 
eommunicates at first, as in 
Branch lostoinay with tlic 
abdominal one, as well as 
Avith the outer surface by 
the liranchial clefts. About 
flic fourtJi day these simple 
outer gills begin to shrinlv ; 
they arc absorbed hy the 
seventh dav. The cartilaginous arches, also begin ning to shrink, 
become more internal by the ])rogressive growth of the head. 

In tlie Newt (7V?7n/#, fig. 342), three pairs of external gills are 
developed, at fir^iJt as sim[)le filaments, each with its capillary 

YOL. I. . L L 





Kwitl anQ braucliial ai-i'finlapps oT lln; larva of a Saw l 
^Triton} niii«n. ccf.-wni. 


341 



K\t»Tnal gillw, larva, of Kr*.!?. fc.v.wVMi 



514 


ANATOMY OF VEUTEBKATES. 


loop, but spocJily expanding, lengthening and branching into 
lateral processors with correspoinling loojdets ; these blood-channels 
intereonnniinicatine' bv a eai)illarv iu*.<work, as at (L fur, 343. The 


343 



OiK' of the pills (>f tlio Xfwt, tinpn. f;i:Lxviii. 


gill is. covered by ciliated 
scales, ib. c, wliich change 
into non(‘iliated ej)itlie- 
linni, f, shortly before the 
gills are absorbed. 

The size of the gills is as 
the proximity of their deve- 
loping vas(Milar arch to tlie 
propelling organ of the 
blood. In the Proteus 
nrH/u/nus three pairs only 


of branchial and vascular arches arc developed, cm’rcsponding 


with tlie number of external gills. In Siren laeertinay as in 


caducibranchiate Batrachians, there arc four pairs ol‘ hrancliial 
arches : the first and fourth heinir lixed, the second and third free: 


344 



t'/fculfltinp aiJ<i orpaiis, A \oIutl, 

miXiM/iint. (-‘.'Lxvii. 


their contiguous holders on the 
concave side arc jirovitled with 
small interlocking ])rocosses. Tlic 
gills are in Ihri'C j>airs, increasing 
in size, according to the above- 
stated dy n am ic con (1 1 th in, f l•om 
the first to tlie third, wliich is 
attachoHl to both the third and 
fourth arches : the upper or outer 
surface is entire and covered by 
ordinary intcginncnt; the under 
or inner surface is produced inlo 
pinnatlfid fringes, supporting the 
capillary brjuichial \essels and 
covered by thin eyyillieliinn. Each 
gill is attached by its base an- 
terior to and above the gill-slit, 
which it overhangs. In the AxolotU 
fig. 344, the fringes of tlio gills are 
longer and more slender. In tiu; 
Menohranchus they resemble those 
of the Triton. In the Siren^ 
tvus^ and Menohranclius the outer 
gills arc persistent, and, perhaps, 
also in Axolotes? In each of these 
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^ pcronulbranchiate ’ Batnichiaus, arteries arc developed from the 
last pair of branejhial vascular arches, as at r, fig. iU4, to convey 
blood to the lungs. 

In uMenopoma iind ylmpldt/ma the gill-opening persistvS on each 
side ; but of the original four pairs of vascular arches only llie 
second and third accompany remains of branchial arches, cirenm- 
scrib(;,tlie gullet, and reunite behind to form the beginning of 
the aortic trunk. The extent of the ossification of the hyo- 
hrancliial framework In some measure corresponds with the degree 
in which the l)ranchial organs of respiration are retained. In 
Protms the ceratohyals, nrohyal, two pairs of basibranchials, and 
three pairs of ceratobranchials become bony. In the Siren the 
ceratobyals, urolival, one pair of liasibranchials, and two pairs of 
ceratobrancblals are bony, l^he ^Menopoine and (h*y[>tobranclius 
agree with tlie Newts and Salamanders (fig. In having the 

l)asibyal, /e, the ceratohyals, .r, .r, and tw(> ]rairs of cerato- 
brancbials, // and z\ but the latter pair is proportionally longer 
and shows two ehnnents of the arch, on each side, ossified. In 
the Anourous Batracliians the branchial arches are rcdiured to the 
basal portions of a single pair of cerato])rancliials (p. 91, fig. 74), 
which persist, in most higher Vertel)ratcs, as the ^ posterior 
cornua’ of the ‘ hyoid l)OTie.’ 

The ])arts of the braneliial framework in immediate relation 
with tlie support of the deenduons gills never pass beyond the 
cartilaginous stage ; and a histological tCvSt is thus afforded of the 
leinporaiy or pcrniancut eharacter of the branclihe in a Batracthian 
presenting them. The dec/uluous gills offer many modifications 
in the larvie of the caducibraucliiatc species. In a trojneal South 
Amei’ieau l^\)g ( ovijera), e. g., the external gills 

are forined h(?fore tlie larva is ex(*Uided, and expand into a broad 
membranous disc at their extremity. 

But whatever the form or structure of tlie external gills, they 
arc fitted only to their office as sucli: that being discliarged, tliey 
turn to no otlier use, but lose their ciliated and vascular structure, 
and disa[)pcar. The Tadpole, meanwhile, being subject to a 
series of changes in every system of organs concerned iii the daily 
needs of. the coming ath'ial and tcrrcv^trial existence, still jiasses 
more or less time in water, and supplements tlic early altenipts 
at puluiomiry respiration by pullulating loops and looplets of ca|)il- 
laries, fig. 345, n, from the branchial vessel, />, e, supported hy the 
cartilaginous arch, e, and coated by delicate non-ciliated epithe- 
lium : the terminal jiroccsses of these ‘ internal gills ’ support a 
single capillary l<*op, d. They resemble the commeiicing gills of 
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Tclcostoinous Fishes, especially of the Lophobranchs ; and the 
analogy to the pistniie ros|)iratory stmctiircs is enhanced by the 
growth of ail oporculai* fold of membrane, protecting the branchial 

chamber; but this, by pro- 
gressive adhesion of its 
})osterior border to the cer- 
vical integuinent, rpduces 
the lateral fissures to one 
inferior foranien. In the 
Xewts, the side-slits are 
lunger retained. The 
young of Ctvcilla sliow a 
braneliial pore on eac^h 
side, with traces of bran- 
chial fringes. The embryo 
Halamandei* shows exter- 
nal gills while in the 
womb ; and, when these 
disa])pear, the branchial 
arches adhere to the oper- 
cular fold of skin, the 
external outlet being an 
inferior transverse slit. 





■ v' / /u * \ 





'Die iiitoviiiil 1>r:inr1il:v <»r llif T:n!jiol«* of flio Fro?^, iiiagti. 

(■('LXVIll. 


In Newts, Salamanders, Cjccilia^, and Anoiirans, the branchial 
orifices become obliterated after the absorption of tlie internal 
gills. The gigantic Newt of .Ja]*an {(h'ljplobranclnis) equally 
differs from jMrnopoma and Amphhuna in the closnni of those 
orifices. Tlieir retention In these large? American Newts, with 
the snperadded ])ersistcncy of the branchia? themselves in Mvao- 
Jmnicln/s, Sirni, and Proteus, are amongst the most significant 
evidences of the manifestation of generic characters through 
arrested stages of one general course of transinutational 
deveh)peinent. 

§ 91. Arteries of Uept lies. In the Axolotl, fig. 344, the three 
anterior pairs of vascular arches rise distinctly from the ‘ bullms; 
a; the fourth pair hlend their origins with those of the thii'd: 
tlu^ three ant(?rior j)ali*s arc, fnnetionully, branchial arterjes, ib. n, 
course along the corresponding branchial arches to the sides of 
the neck, and then cpiit them to enter the base of the iicndcnt 
gill, running along the antero-inferior border : they there send off 
a double series of branches, which penetrate and ramify in the 
branchial fringes, and constitute at their end and margin a capil- 
lary net- work/ like that in fig. 343. From this the returning 
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channels converge to form the ‘branchial veins/ ib. which 
re-enter tlie neck, course along the dorsal walls of tlic pharynx, 
and unite to i'orni the right and left aorta', or roots ol the connnoii 
median arterial trurdi, ib. A. From the first or foi'omost ])i*aiichial 
vein is given off the carotid or cephalic artery, The fourth 
])air of vascular arclics pass out^vard and backward, and cacli 
divides, the larger portion, :p, going to the lungs, the smaller 
division pursuing its course to the back of the (esophagus, Avl)crc it 
unites with the tliird ‘ branchial vein,’ and adds a small proportion 
of uii res pi red l)lood to the contents of the aorta. 

In the Protrt/s tlui Inilbus artcric^sus divides into a [)alr of 
vessels, each of which, as it diverges, again divides ; tlu' anterior 
division siippli(.*s tin* anterior gill : the posterior division liifurcates, 
to sujiply the se(a)nd and third gills. But, before distributing 
tlie branchial ca[)illarics, each artery <*()niimini(‘ates hy a direct 
anastomosing channel with the branchial vein : In other words, 
only a j)ortioii of eacdi primary va.smdar arch is ap])ro]»riatcd to 
the gills, and a certain proportion of the blood goes from the 
heart to the aorti(' trunk without being subinittc'd to the respira- 
tory pro(‘ess. The small artery to the slender simpler [ndmonary 
sa(i is sent otf from the hindmost branirhial vein. The eeplialic 
arteries arise iVom the foremost braneliial veins, and conseciuently 
supi>ly tlio brain with [)urcr arterial blood than tliat which goes 
to the body. 

The changes in the vaseniar aivlies, C()nse(|uent on absorption 
of tlie gills, are eliiolly due to tlie enlargement of anastomosing 
ehaniiels, between the inferent and elTerent liraiieblal trunks, like 
those in Proteus, 'Fhe course of tliesc (‘liaiigcs reduces the 
arterial sy stein lu Metiopoma to the condition of which Hunter 
left the illustrations published iii xx. vol. ii. Tlie hulbus is 
shortened, and the origins of the ]>rimary vascular arches 
approximated : those of the third and fourth are blended togctlier. 
I'he foremost arch is smaller than the seconder third : it sends off 
an artery to the intcriiiaiidibular space, a secaiud to tlie side of tlie 
head, a tliird to the pharynx, beyond whieli it bends aliriiptly 
back, to enter the aortal root. The second and third vas^dar 
arches {ft*e of ecjual size, wind round the wide jiharyiix, anterior 
to the branchial opening, and unite on reaching its back jiart to 
form the aortal root : this sends forward a small artery to the side 
of the mouth, and, a little further on, the main carotid artery, 
.beyond which the roots converge backward, and unite to form 
the aortic trunk. The hindmost vascular arch is the smallest, 
and courses round the cesophagus, below or behind the branchial 
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opening, boliliid which it sends off llic pulmonary artery, and 
returns, at an acute angle, to join the third va^scular arch near its 
terminatiou in the aortic root ; or, the pulmonary artery may be 
said to be rormed by a small branch from the third arch, in con- 
junction with tlic fourth arch. The branchial arteries arc Ksent off 
from the aortic trunk, about an Inch beyond its orlgin.- 

In the Newt the small anastomosing vessel at the base of each 
gill, between the ingoing and i)utcoming trunks, (mlargcs as the 
tlow of blood is checked by the stunting of the gill in the course 
of irs absorj)tion ; so that, when this is complete, the blood Ihnvs 
from the ^bulbils’ round to the aorta in a coiitiuuoiLS unchecked 
stream, tig. .‘5d3, as at its first appearance. 

In the Frog this course of <‘hauge issues in the following per- 
sistent (lisjK^silion of the primitive vascular arches: — The anterior, 
originally the fourth, pair, w'hieh have their origins brought back 
so as to seem to rise from the pair preceding, are sometimes called 
its ^carotid branchc?s:’ tliey diverge outward, as in their primitive 
course, have a partial enlargement, and send off the Vlingiial,’ 
[diaryngeal, and entoearotid ai’tcries. next pair of vascular 

arches, answering to the third of the jn*imillve pairs, sends oiV 
the laryiigea! and brachial arteries, also a tributary to the sub- 
cutaneous cervical, and are continued backAvard and inward, 
supplying the a\sopbagus iu this course, to form by their union 
the aorta, a. The first pair, answering to the second and first 
of the primitive pairs, send off the second root of the artery 
which ramifies on the subcutaneous cervical gland, and the 
pulmonary artery ; the dorsal part ol" the second jiiimitivc arcli 
now appears as the accessory foot of the subcutaneous cervical 
artery given ofi’ from the aortic root, as above mentioned. 

The brachial artery sends olf an cxtcrnid thoracic, distributed 
to the muscles of the fore-jiart of tbe alidomen, a subscapular 
branch, a circumflex artery, sujiplylng the muscles of the shoulder, 
and is then continued to the foj*e-a.rm, where it becomes ‘ radial,^ 
sends olf a rccuiTeiit branch, and divides near the wrist into a 
dorso-carpal and palmar branch, wdiicli terminates in the digital 
arteries and the Intervening w eb of oa[)illaries. 

The aortic trunk gives off the gastro-mesenteric artery, Vlividing 
into ^cocllac’aml mesejiteric branches; then the suprarenal and 
renal arteries, the lumbar, and the genital arteries (spermatic or 
ovarian), and bifurcates to form the common iliacs. From each 
of these arc sent off a vesico-epigastric artery continued from the 
allantoic bladder forward upon the abdominal walls, the external 
and internal circumflex arteries, and the femoral, wdiich, on reaching 
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the leg, divides into posterior and anterior tibial, terminating in the 
digital arteries arid capillaries of the webs. 

Ill Ophidian, Tiaecrtian, and Clielonian Reptiles the ‘ bulbus ^ 
of the emliryo heart becomes divided into three distinct tubes, 
Avhich remain closely united together by their outer fibrous tissue, 
and <*ovei*ed anteriorly by the refiettied serous layer of the peri- 
canlium. The extent of this tlhion, or length of the ‘conus 
yasculosus,’ is greatest in the Serpents, In the Rythoii it may 
exceed two iuelics In length ; and, when the serous and fibrous 
tunics live dissected away, the origin of the jiuhnonary artery is 
scam to the hd't, next to it is the origin of the left aorta, and to 
the right of this, aliout an inch above the ventricle, the trunk of 
the right aorta ajipears, which, as it diverges from tlie left, sends 
off‘ the single carotid artery. Tliis artery is the remnant of the 
anterior of throe primitive vascular arches. The right aortic 
areJi and tlio left aortic arch, wliich unite heliind and beyond the 
[lericardium to form the abdominal aorta, are the proceecls of the 
middle primitive arches: the inilmonary artery is the issue of the 
changes oi‘ the posterior or first pair of vascular arches. 

In the Laa.rtiliff the extent of modification is somewliat less. 
Tiookiiig oii -the sternal surface of the heart, the pulmonary trunk 
is tlm foremost, tlio left aorta is the next, the right aorta is the 
liindmost. The left and right aortic arches eonvorge, and unite or 
intercommunicate, behind and usiially below or beyond the heart, 
to iVirm the ahdominal aorta. In Ldcvrta ocdhitd^ fig. 334, v 
marks the origin of the pulmonary artery, which ascends and 
divides: the left liranch, r, passing in front of the left descending 
aorta, with wliich It is coimoctcd by a ductus arteriosus, i>, before 
proceeding to the left lung, />, fig. 332 ; tbe right jiulmonary 
arten-y, fig. 334, v\ passes behind the ‘arterial cone,’ and in front 
of the right descending aorta, a', Avith Avhich it (‘.ommunieates, 
or is connected, by a ductus arteriosus before jiroeeeding to the 
right lung. These ‘ ductus arteriosi ’ exist in the Python,, are 
shown in the Tortoise, fig. 333, i>, i>, and in the Crocodile, 
fig. 340, 1), !>'. Tlie third primitive arterial trunk, called ‘right 
aorta,’ divides into the right arch (below a' in fig. 334), and 
into tlie commoiii* trunk of the two cephalic or carotid arteries, 
ib. a, descriliing tlie upper arches : the common trunk of 
the brachial arteries is usually given o'fi* from the right aortic 
arch. In Psamrnosaurus griseus the common trunk of the carotid 
does not bifurcate until it has ascended tlie neck as far as the 
origin of the bronchial tubes : and not until after the right aorta 
has arched over the right bronchns does it send off, at an acute 
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angle, the common trunk of the right and left bracliials. The 
left aortic arch, in Psammosntirux, sends off a gastric and mesen- 
teric artery before it joins the riglit aortii*. arch ; and this is the 
case also in the Tortoise, fig. 335, I, and Crocodile, fig. 339, /i, 
the left aorta being then so reduced in size as to resemble a 
‘ ductus arteri(vsus." 

In tlic Tortoise the right aorta, soon after its origin, sends off 
a common trunk, wliich (juiekly subdivides into the carotids, 
fig. 335, (i*, n\ and brachials, ib. a; and the same is the ease 
with Pm?/s, in whieh the four arteries are seen cut short near their 
origins, between a' and A, figs. 337 and 33S. 

In the Crocodile the two ‘ arteriie innominatie,’ figs. 339, 340, 5,5, 
arc longer Iieibre th(‘y divide into the brachial, and carotid, : 
both innominala^ arise by a short common trunk from the right 
aorta, which divides, soon after its origin, into that trunk and the 
right aortic arch, Ib. a'. This arch Avinds over the right pul- 
monary artery, fig. 339, n', with whi(di it is connected by a 
‘ ductus artei’iosus ’(the an*h is reflected upward and the ‘ductus’ 
1)', severed from the ])ulmonary artery, in fig. 3I0). The 
origin of the riglit or brachi-ccphalic aorta is hidden by that 
of the left aorta, fig. 339, a, which is anterior, or on the stei’iial 
side, of it. The left aorta, as it winds over the lelt pulmonary 
artery, is attached to it by a ‘ dm^tus arteriosus,’ the remnant of 
the channel by whlcli the first vas(*ular arch originally com- 
municated with the second, to aid in forming the aorta, before its 
current of blood was diverted to the uses of the well-developed 
lung, after exclusion. The continuation of tlie main part of the 
left aorta into tiu' great visceral artery, fig. 339, 5, reduces its 
original union with the right aortic arch, a', a", to a small anas- 
tomotic channel. 

I.Iic following particulars are notable with regard to the dis- 
tribution ol’ arterial blood by the right aorta in Reptiles. The 
anterior vascular arch, in Opkidm, is convm-ted into a pair of 
cephalic or carotid arteries in tlic young Snake, and this structure 
is retained in the common Snake {Coluher natrix)\ in Python 
tiyris I found tlio right carotid much reduced in size; in the 
Viper (F. and some other Serpents, the cervical part of 

the right carotid is obliterated: but the ccplialic; portion remains, 
and receives bhxKl by ’the anastomosis of one of its branches 
with the left carotid.' In the Viper, and some otlier venomous 
Serpents, the internal maxillary braneli of the carotid form.s a 
rete mirabile behind the poison-gland. ^ The right aortic arch, 
* ccLxxxr. 2 ccjwxxxii. p. 260. 
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soon after it lias curved over the right piihiionary artery, sends off* 
the trunk of tlie vertebral and anterior intercostal arteries : in its 
origin and position, this trunk resembles the common brachial 
trunk in Lizards. 

The relation of the origin of the rij^ht aorta to the ventricular 
coinpartinent, first receiving the arterial ised blood from the 
pulmonary auricle, and the distrilmtion of the branches of tlie 
right aorta, are such, that the head, neck, and fore-limbs receive 
chiefly artcrialised blood, and the abdominal viscera, the trunk, 
hind-limbs, and tail, are siijijilied with mixed venous and arterial 
blood. But this localised (listribution of the two kinds of blood 
is more com|)letely effected in the Cro- 
codiles, through the modification of the 
heart and arteries before described. 

§ 92. Jjijifjs of ~ An o])enlng 

on the midline of the ventral side of the 
pharynx, fig. 31 6, c, receives air introduced 
into the mouth, and conveys it to the 
rcx'optaclcs which, in lve|)tiles and all 
higher Vi'rtebrates, ai*e calh‘d • lungs,’ ib. 
f f The 0 ])ei]ing, usually a short longi- 
tudinal slit, leads, in the Newt and l^ro- 
tens, to a small crescentic mcinbranous 
sac, from the angles of which are pro- 
duced the long slender pulmonic bags. In 
the Axolotl a short tube, strcjigtheued by 
a few feeble subarmular cartilages, con- 
ducts the air to the lungs, which com- 
mence just beyond the heart : in the Siren and Irand-Salamander 
a similar trachea divides into two hranehes, one to each lung.' In 
all these tailed BafracMa the pulmonary bags have simple or even 
walls. The artery, formed as above described, from the hindmost 
vascular arch, joined by a branch from the next arch, runs along 
one side or border, and the vein returns along the opposite border 
of the lung. The In’anches px’oceed from the artery, fig. 348, 
transversely, with regular intervals, midway in which the 
venules* are forni(M which course half-round the cylinder to^operi 
into the longitudinal vein: fibres of clastic tissue accompany the 
arterioles and venules. The intervening capillaries constitute a 
regular network, uniformly over the pulmonary surface ; they 
seem to be mere channels for the passage of the blood discs, fig. 
347, witli intervals or islets of compacted cells, containing nuclei 


s-k; 
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and granules^ Ib. a. This vascular surface is covered by a delicate 
carpet of epithelial cells^ fig. 348, certain linear tracts of which, 

317 



llcyi'irfirdry suvfacr, Inutr <‘f N» vi, rurjirnUlPtl, with tUc opitlidiuiu 

ifvii .if irLXViif. 


ib. hy b, are ciliated. The exterior of the" lung is covered by 
delicate peritoneal noiiciliated scales. 
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He.'j'iratory sml'.-ir*.*, lurij? of Ni-wt, rii.’iKiiillt'd, with iljc t*i»itheliul covorlu;? 
ill fortir. cfLXvm. 

In the Siren the lungs are narrow bags, coext^jnsive with the 
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long trunk ; and tlie ciliated tracts upon tlie inner surface begin 
to be raised therefrom, and to mark out shallow depressions on 
the vascular surface, at least along the anterior half of the sac. 
In the Axolotl, in wliicK the lungs terminate at the hinder third 
of the abdomen, the alveolar depressions or cells are more marked. 
In the Am|)hiuinc the lungs are narrow, and terminate in a point, 
within a short distance of the anur: on the inner sui'face elastic 
bands are developed in tlu^ inter-alveolar partitions, and the alveoli 
begin to be subdivided into smaller cells. In the ]\Ienoi)ome the 
lungs have a similar structure, but arc proportionally smaller, and 
with larger al veolar d(?])ressions. 

Tlie lungs of the Frog, fig. 349, arc wider in i)roportion to 
their length, and extend along the .j jy 


dorsal part of the abdominal cavity, 
\vitlf the vertebral bodies and vascu- 
lar trunks intervening. They are 
continued hy short bronchia> or bron- 
chial apertures, fig. 350, directly 
from the larynx. The ])roper tissue 
of the bag is com[)osed of very elastic 
fibre, covered ))y peritoneal epithe- 
lium, and lined by the capillary net- 
work and its epithelial covering ; 
the pulmonary artery takes its course 
beneath the peritoneal layer, the pid- 
monary xqui runs beneath the inter- 
nal e])ithelium ; the one on the fore 
and outer ])art, the other nearer the 
inner or mesial side of the lung. The 
whole inner surface is lioneycomhed, 
and the alveoli are subdivided into 
smaller cells. The arterioles run 
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along the attached bm*ders of the septa, the venidcs along the 
free borders. The ciliary epithelium is limited to the margins 
of the alveoli supporting the larger venules: the capillary net- 
work, covered by noii-ciliated dcli(*atc epithelial scales, is 
disposi?d upon the sides and bottom of the ultimate celts, the 
septa having a layer of the capillary network on each side. 
Thus the lungs of the tailless Batrachia, and more especially of 
the Pipa, in which they are very broad and the bronchial tubes 
long, have a more extensive respiratory surface in proportion to 
their size than in the tailed species. 


But the pulftioiiary artery is not exclusively distributed to the 
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lung : it sends a brancli to the ‘ rete mirabile ’ of the parotold, or 
group of subcutaneous cervical glands, and, jn the Frog, the 
l)ranch from tlic pulmonary artery joins one from the aorta to 
form a large subcutaneous artery, more extensively distributed 
upon the skin, which exercises a respiratory office in these 
naked Ihitrachia. In the Siren, Menopome, and Amphiumc, 
the pulmonary artery distributes some small twigs to the' eso- 
phagus. 

In the poisonous, colubrine, and marine Snakes the lung is, 
functionally, single, one only being developed, but of great length, 
for the respiratory purpose, the other becoming al)ortcd into a 
small or scarcely discernible rudiment. Tlie trachea, tig. 300, «, 
lias numerous and entire cartilagiiions rings along a certain pro- 
jiortion of its course, and the lung, ib. n, seems to he formed by 
a dilatation of the membranous part of the ti-acheal tuhe, after 
the rings hecome incomplete: but these may be traced su|)porting 
a narrow and sliallow kind of air-canal to the liiud end of the 
lung ill bicolor? A similar structure has been observed 

in Vipers {F.clddnu orldans), and, for a shorter extent, in Kattle- 
snakes, in whicli the trachea is shorter tlian in noii-venonious 
Snakes. Tlie expanded memhranoiis jiart of the lung is honey- 
combed, with subdivisions of the alveoli at the fore-part of the 
lung, for a varying thickness and extent in ditterent si>ecics. The 
rudiment of the atrophied lung is ol’teu indicated by an orifice in 
the trachea, at or near its entry into the functional lung, leading 
to a small pouch. This adheres to the terminal whole-rings of 
tlie trachea in Coluber uatrix and Naja trijmdians. In the great 
constricting Serpents hotli lungs are functionally hut iine([ually 
tlcvelojied. In Python tiyrU the left lung is nearly half as long 
as the right: but, by its structure, it tak(*s almost an equal sliare 
in tbe respiratory I unction', the vascular and honeycombed parietes 
l)eiiig of nearly the same extent as in the right lung. So much 
of this as is prolonged beyond the hil lung has thin, simple, and 
comparatively uiivasciilar nralls, performing the office of a reservoir 
of air, which may l)e useful during tlie period, when the delicate 
windi)ipc is squeezed flat by a large jircy in ])rogre.ss of slow 
deglutition.^ Ihe proper parietes of the lungs almost ^every- 
where adheres, by lax cellular tissue, to the contiguous organs. 
In the Slow-worm (Anyuis frayilis) the lungs are relatively 
shorter than in true Ophidla, but the left is only half the length 
of the right lung. A similar difference is presented by the lungs 
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of Bipcs lepidopm. Tn Pseudopm Pallasii tlie lungs arc of nearly 
equal length. 

In most Lacertian Keijtilcs the lungs are equal, arc broader 
in propoi’tion to their lengtli, and the short bronchus tcrininati^s 
abruptly in the single pulmonary cavity. The parietes are honey- 
conil)ed and vascular, but In a less degree as they extend from tlie 
heart: in Geckos and Agamas tjie alveoli are deepest on the 
mesial side of the lungs. In the Iguana the pulmonary cavity is 
divided by a few dee]) ])artitions into primary lodges, the parietes 
of whicli are honeycoml)cd by secondary and tertiary cells.* In 
a Monitor {Ihfpmia ocdlata) the bronchus is continued some way 
along the interior of the lung.^ The lungs of the Chameleon are 
remarkable for their great extent, for the deli(!acy of their 
parietes, and tlie number of c:ccal processes continued from their 
anterior aTid inferior margins. Each lung is ])artially divided 
longitudinally at its fore part into two cavities, which have their 
vascular surface increased by subdivision into cellular alveoli; 
the [losterior appendiculated ]»art of the lung is of a simpler 
and less vascular structure, and may serve as a reservoir of 
air. jMarginal cjccal produ<rtions of the [ndmonary bag exist also 
in the Geckos (o. g. rtijodach/Ius fimhriatus) and in Pobjekrus 
fnarniorntu,^. In Geckos and 8cifd\.s the trachea terminates in 
the lungs witliout dividing into bronchi. 

In the Ghelonia tlu* lungs present a further stage of complica- 
tion, and are adherent to the surrounding ])arts. In those of 
Chebfdra serpentina^ c.g. the general cavity of each lung is divided 
into eight eom})artmcnts, the walls of which are honeycomhed 
and vas(*nlar, especially at their fore part. The bronchial tube 
extends to the hindmost compartment of the lung,* communi- 
cating by special orifices with the anterior ones, and sending 
continuations of its fibrous stnictiiro along the free border of 
the septa. 

In the Sea-Turtles (^Chelone) the lungs extend over the back 
part of the abdomen to the j)clvi.s, and must act as an air-bladder 
daring their swimming:! the bronchial tubes arc continued, 
gradually decreasing, to near tlie end of* the lungs, and retaining 
cartilaginous ri]jgs or lialf-rings along three-fourths of their 
course. They communicate with numerous primary divisions of 
the pulmonary cavity, (‘ach of Avhich is divided into cells, Avhieh 
are subdivided to the third or fourth degree, with pro])ortionatc 
extension of the vascular respiratory surface. The ultimate cells 
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along the outer inargia of the lung are the largest and their 
parietes the least vascular. 

Subjoined is a talnilar view * of the capacity of the lungs in 
examples of different families of the Clielonian order, ‘ obtained 
by pumping out the air of the lungs, then piiinping in water, 
then pum|)ing out the water again and measuring its amount in 
cubic inches.’^ This table shows that aquatic Chdinim require 
less air in their lungs, in propcu'tion to the weight of tlie body, 
than land Chelonia ; and that in mud-dwellers and the soft-turtles 
( Trioiii/cAdai) other })art.s are auxiliary to the lungs in the act of 
breathing. Tims the more permeable texture and minor thie,k- 
ness of the opidevm in tlie Tnoiiifcidm suggest the a|)tness of the 
skin for res])iratory influence on the blood, analogous to that of a 
gill. The integument ol* the under side of the body in these 
estuary turtles, whi(di seldom leave the Avater except to lay their 
eggs, is highly vascular. 

Dr. Sasrer found ‘ arranged along tlie surfeee of the tongue of 
Tnomjx^ and somewhat in rows, as well as on the fauces and 
about the rima glottidis, and also over tluj edges ol‘ the cornua 
hyoidca, a miinber ol* delicate fringes, resemliling, esiiccially on 
the hyoid arches, the fimliriatcil gills of the Mermbranclius.’ 
Ib’ofcssor Agassiz remarks that, ^ after seeing this Turtle remain- 
ing under water lor lialf-an-hour without sliowing the least sign 
of oppression, it seems jilausible to assume that these l*ringcs may 
be similar to the internal gills of Tadpoles, not only in their 
shape but also in their function.’'* 

In the C’rocodile {Crocodilas aentus) the bronchial tube enters 
the middle of the lung and is continued for a short distance into 
its substance before losing tlie eartilaginoiis annular structure, 


* TAliLK SHOWING Tirj 2 CArACITY OC THE LUNGS COMI'AIiKU WITH THE WEIGHT 
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sending off lateral branches : it then abruptly terminates in a 
dilated elongated passage, similar to those in which the side- 
branches open. These passages c()r)‘es|)ond with the primary 
divisions of the pulmonary cavity in the Turtle, and the air 
passes from them by numerous round apertures into the smaller 
sul)di visions forming the cellular structure of the lung.* 

§ 9^L Larynx of Beptifes. — Im [)erennibranchial and tailed 
Batrachia the glottis is a simple longitudinal fissure, fig. 346, 
in the middle of the ventral walls of tlie pharynx, each side of 
which is commonly strengthened by a slender portion of fibro- 
cartilage(/lw/>/A/M?««), or so divided as to represent an ‘ arytenoid’ 
and a ^ laryngo-1 radical ’ cartilage ( Prnfens). The slit opens 
into a small menibranoiis cavity, usually kept patent, by lateral 
cartilages, from which the lungs diverge directly in ProfeuSy 
Amphiumay and Trifouy and with a shoi*t trachea intervening in 
Sirniy AxohicHy ^f^nol) 0 ^nay and Stflainandra, the trachea being 
either membranous or Avith feeble rudiments of cartilaginous rings. 

In tailless lhitr(whm the larynx is Avell developed, especially 
in the males. There is, inmost, an annular thy rocricoid cartilage, 
whi(di supports in all a pair of largo arytenoids, of a triangular 
shape, the apex forming the upper and lateral boundary of the 
larynx, fig. 3ol, a\ the chordai A'ocalcs 
stretch transversely from (uie end of the 
base to the other, and arc Avanting only in 
Pipa and Dactyhthra, Above and beloAv 
the vocal chords, fig. 350, r, there is a 
mucous pouch ; and between the chords 
there is, in some species, a cartilage. 4'he 
muscles are a ^dilator’ and a ^ constrictor 
rimie glottidis,’ and a ‘ compressor glottidis,’ 
arising from the cerato-branchials, fig. 71, 
p. 91, and inserted into the posterior angle 
of the arytenoid: by bending this angle 
outAvard, it stretches the A'oeal chords, and, 
both muscles acting, they compress the 
larynx. This is an influential muscle in 
regard •to the voidc or croak, and varies Avith 
its quality in different species; it is Avant- 
ing in the mute Pipa. In Bomhinator iyiieus 
and Hyhi verrucosa the arytenoids arc ob- 
tuse-angled and ]iearly equilateral triangles. In Bvfo chiereus 


3.00 



Toiiqrue, larynx, and lungs, 
lunlf Frog, lhaui iemporuria. 
VIVKX, 


' xx. vol ii, p. 97, prep. ao. 1118. 



528 


ANATOMY OF VERTEBRATES- 


they are more acute-angled and directed backward. In the Toad 

(Bff/o) the chordae vocalcs are thin 
elastic mcinbranes, and in two pairs, fig, 
351, a and h : the sacculi are seen to be 
lodged in the large arytenoid cartilages. 
The males of the common and edible 
Frogs {liana') have two submandibular 
sacs, the male Tree-Frog (//?//a) has 
one such sac, opening by a straight canal 
into the larynx, and susceptible of con- 
siderable distension by air during the 
croak. All these diversitiesof laryngeal 
structure affect the loudness, deepness, 
or sharpness of the peculiar vocal notes 
of Frogs and Toads. The air {)asses 
to the lungs, fig. 350, 351, c, r/, by 

short bronchi, fig. 350,/, save in the 
Pipa^ in wlilch the bronchial tubes are long, especially in tlui 
female. 

The glottis in Serpents can be drawn forward and protruded 
from the month by the action of the (jimmtravhvaln muscles, 
fig. 147, ?/, p. 220. In marine serpents the glottis is situated 
very near the forepart of the mouth, and the air can bo inspired 
at the surface witjioiit ex])osurc of the jaws. The upper rings 
of the traeliea coalesce to form a cricothyroid cartilage, semding 
forward two ])rocesses which rc|)rescnt the arytenoids in many 
Ophidia ; but which are freely articuhite<l therewith in the great 
eonstrietors. The ‘ processus epiglotticus * is snl)(|uadrate in 
Boa, True ‘ chord te vocales’ are absent; and tlie voice is 
reduced to a hissing sound ju-oduced by the action of the expired 
air upon the margins of the glottis. The rings of tlie trachea 
are entire, and the trachea varies in length in different ser- 
j)ents before it reach(js the lung. Along this it eontlniies, of 
decreasing breadth, with portions of the rings, as if incrusted in 
the pulmonary [)arietes, for an extent varying in different 
serpents. 

In ‘ Lacertians a crieothyrold cartilage supports a pair of 
arytenoid cartilages : in most there is a cartilaginous or osseous 
^processus epiglotticus,’ which, in a few,’ coexists with an incom- 
plete epiglottis. Tlie mucous memhranc of the glottis is reflected 
over the arytenoids, forming a depression heneath them, and folds 
with free margins: these ‘vocal chords’ are broad in the Chame- 
leon and Gecko, find stretch from the base of the f*£*ytenold to the 
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inner surface of tlio cricothyroid. In Lacerta Ascalahotcs 
the C()rrcsj)on(Hng fold is very narrow, and the chirping call-note 
of the Gecko may depend rather on the vibration of the margins 
of the glottis tlian on the vocal folds, which cannot be brought 
into contact or be made tense. In the Chameleon, the lining 
membrane of the larynx is produced between the cricothyroid and 
first trf\cheal ring into a j)Ouch. In tlie SteUio of the Levant the 
tracheal rings arc osseous : in most Lizards they ai’c cartilaginous. 
The tr.achea is remarkable for its width in Platifdactifhts (jnttatm^ 
but the diameter is reduced to one half in Plat^dacti/lm vUtatita, 
In the Chameleon and most other LacertianKS it is still narrower. 

Amongst the Chchmia the Hawksbill Turtle ( imhricat(i) 

shows a glottis undefended by retroverted papilla?, or by an epi- 
glottis, but capable of being accurately closed by its constrictors. 
The thyroid cartilage in all Chelonia is distinct from the cricoid: 
the arytenoids are triangular, and their inner facet is large in 
Pmys and J'estudo, The ordinary sound produced by tlic larynx 
of the Chdonia is a sort of hiss. The European frcsli-water Tor- 
toise emits a low piping note, and Agassiz records the same fact in 
regard to some North American Emydians,^ In Chdone inydas \\vq 
‘ riiiui glottldls ’ supports on each side a mucous fold, which serves 
to produce a low grunt or liark at certain seasons. In some Tor- 
ioises {^Testudo taJnilnta^ T, elepfumtopus^ a tiiangular membrane 
ascends from the base of the larynx to the ^rima,’ dividing it into 
two parts. The rings of the trachea arc enlire and cartilaginous: 
in some species the trachea bifurcates half way towards the 
lungs, the broiichi being of great length, and one of thorn usually 
describing a large curve ; in Tcstiido ijratc.a the left broncluis is 
three fourths longer than the tracheal trunk; but in TeMudo 
enuei the tracbea is one fourth longer than the bronchi. The 
production of the snout in the Trionyculoi enables tlic terminal 
nostrils to be raised above tlic surface of the water, to respire, 
without exposure of the animal. 

In the Nilotic Crocodile the mucous membrane is jirodiiccd into 
a fold oil each side the ^rinia glottidis : ’ the folds dcK^pen as they 
extend backward, and arc produced into a j)air of pointed pj^*o- 
cessos ali^nve the ai^^tenoids. The broad cartilaginous plate of 
the basihyal rises in front of the glottis like an epiglottis. On 
divaricating the rimal folds they are seen to bound a wide poiicli 
anterior to and above the true ^ adltus laryngis,’ wliicli is much 
eliorter than the ^ rlma.’ The thyroid and cricoid coalesce to fonu 
one annular cartilage sujiportiiig the pair of arytenoids. The 
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monibrauc covering these forms a wide depression anterior to and 
below them, before being continued as chordaj vocalcs, along the 
posterior half of each side the ^ aditus laryngis.’ These ^ cliordie’ 
operate in producing the ^bellow’ of the Crocodile, a loud sound, 
between barking and roaring. 

The trachea in the Nilotic, and some other kinds of Crocodile 
forms a bend or looj) before dividing into the bronchi : this looj) 
is not found in the Alligator or Gavial. The crectilc-structure of 
the single togumentary nostril in the Gavial, serves, like the short 
proboscis of the Trloni/Xy to enable the aipiatic reptile to breathe 
the air with more safety. 

§ 94. Respiraton/ actions of Reptiles, — The lungs in Batraehht 
being suspended in a coininon thoracie-abdoniinal cavity, witliout 
the costal or diaphragmatic mechanism of expansion, are tilled 
with air by acts of deglutition. 

The hyoid, fig. 350, />, is depressed; the pharynx, ib. e, is 
dilated: the air enters by the nostrils, and its return is [ircvented 
by ri^cir internal valvular folds, and by the apj)lieation of the 
tongue, ib. a, against their palatal 0 |)cnlngs. The contraction of 
the throat-muscles and retraction of the eyeballs send the air 
backward, the gullet contracts, the glottis opens, and the air is 
driven through the bronchi,/, into the lungs, //. If the mouth of* 
a Frog be kept forcibly open it is soon asi>hyxiated, the essential 
res|)iratory acts being prevented: if a breach bo made in tlu^ 
ahdoininal walls, and the act of dcglutitiim can be ])crfornK;d, the 
lungs arc inllated. Expiration is perforinerl by the elasticity of 
tlie pulmonary parictes, Avhich is such as to (luitc empty the lung 
and reduce it to the size of a small pea, the abdomen being 
opened. 

The lungs of Chehnia being lodged in a cavity, the capacity of 
which is only affected by the retraction and pr<»trusion ol’ the 
limbs and tail, ajjpear, also, to be filled with air, chiefly by <MC.ts 
of deglutition. These are so habitual that ‘ the working of the 
throat ’ continues when the Turtle is immersed in water; and 
Hunter was led by observing this circumstance, to relinquish the 
idee of Its being a respiratory act. It is, in fact, in the Chelonio 
in which the plastron remains unfixed by Hone to the cara]>aee 
( Cli clone, Trioni/x) that respiratory acts due to movements of tlic 
llioraclc-abdominal walls arc most conspicuons. ‘If a Turtle be 
thrown upon its back, and makes an ijisplratlon, wo may observe 
that its four fins arc, as it were, erected ; the breast-bone is piislicd 
forward, and the cavity swells out wherever the parts arc soft. All 
this is done, I conceive, by the muscles of the Extremities moving 
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their respective bones in an inverted order: instead of their 
moving the extremity, tlic extremity’ becomes the fixed point ; 
the bones answering to the clavicles are inoved forward, and the 
bones of the pelvis at the lower part are ])iishcd against the inside 
of the breast-bone, so that the whole bone is })UBhcd out. They 
appear to draw in their breath biij, once in twenty minutes or 
half-ad -hour, and often at a much longer interval.’ ^ 

It is probable that such respiratory actions could not be per- 
formed by the animal 'when swimming and diving; and it is 
certain that such actions of the limh-miiscles could not elfect 
any motion of the breast-bone in the great j)roportion of the 
Chclonian order, in wbicli the plastron is fixed. The capacity 
of the thoracii'-abdominal cavity may be slightly affected by tl»c 
movements of the limbs acting on the soft wjills at its fore and 
and back parts, fig. 149, p. 233 ; the dlapliraginatii? muscles, 
figs. 150, 151, 42, may coopemle ; but respiration goes on when 
the limbs arc motionless, and apparently by acts of dcglnlition, as 
indicated by the ^ working of the throat.’ 

In Ophidia, Lacertilia, and Crocodllia^ res])Iration is performed 
l)y the expansion and contraction of the more movable parts of 
the parictes of the cavity containing the lungs : for tliis being 
dilated the air rushes in by” the oidy available jiassagc, viz. the 
glottis and wiiKlpijie, to the lungs. The articulatious of tlie ribs 
in serpents allow of tlieir rotation forward and liaekward, and 
even of a slight divarication of the two rihs of caeli pair. Tliis 
mccJiaiiism and tin; muscles concerned in working it are described, 
])]). 55, 5(1, 224, figs. 143, 144. To whatever degri'o the visceral 
cavity may he so expanded, the air enters by tlie .nostrils or 
glottis, if they be open and free; and a general expansile or 
inspiratory movement may then be noticed.^ ibit the great 
length of the thoracic-abdominal cavity' and the numhers of [lairs 
of moveable ribs — in some serpents three hundred [lairs — arc 
associated with partial enlargements and contractions of the 
cavity, effecting corresponding <rhanges in the long j)uhnonary 
hag, Avithout affecting the total volume of air In it, if the glottis 
be not in com muni elation with the outward air, either din>erly or 
tlirough tlie medium of the nostrils. Selilcgel lias observed about 
thirty such partial dilatations of the trunk and lung betwocu two 
ins|.i rations.'* When the Constrictors swallow their prey the 
glottis is protruded from the mouth : this may be a consequence of 
the pressure cxer(*iscd on the parictes of the greatly distended 
mouth, and may ijot relate to the necessity of directly receiving 
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air during the period occupied by the rotatory transit of the l)roy 
to the guilet : It is more probable that at this tiino the trachea is 
squeezed flat, and the air in the hinder reservoir of tlie largest 
lung may serve to keep up the small amount of respiration needed 
during the jiassage of the ju'ey to the stomach, the snake being 
then at rest and almost tor}>id. 

In Lizards and Crocodiles certain pairs of vertebral ril)S 
(pleiirapopbyses) at the i*orepart of the thoracic-abdominal cavity 
artievdate with sternal ril)s (ha^mapo] dulses), the bony arches Ixnng 
completed by the sternum below. Tlic pleura])opbysis, fig. 41), f 
(p. 57), forms an angle directed backwaixl at the joint with the 
lueina]i)opbysis, ib. fi, the muscles raising or draAving outward and 
forward the iijq)er rib open the angle between it and the lower 
one ; and tlie head of the rib being fixed to the vertebra, tlie 
sternum yields, is dej)ressed, and both the Acrtical and transverse 
diameters of the caA*ity containiwg the lungs nrc iiiereased. 
(’/onscquently the air enters the pulmonary cavities. By the 
contrary actions, the thoracic-abdominal cavity is contracted, and, 
the elasticity of the pidmonary parietes aiding, the air is exj)clled. 

In tlie Crocodile tlie increase in the number of the conqdete 
sterno-costal ai'ches, fig. 5G, i, 2 , 3 , &c. (p. GS), gives greater etfeet 
to their respiratory movements : and the muscnlar fibres attached 
to the midritI-1 ike sheets expanded upon the hepatic lolies, may aid 
ill making the general expansion of the thoracic-abdominal cavity 
tell more directly upon the lungs. 

Almost all the Lacertilla and Batrachia have the peculiarity 
of inflating tlicir lungs, Avhen they are iiiidcr the influence of feiir 
or of soitiQ other exeitement : in the Clianueloon, as well as in 
B(jlychrus and many other Iguanoids, the expansion of the trunk 
consequent thereon aids in producing the rcnnarkable change of 
colours to Avhich Ave shall recur in the chapter on the integu- 
ments. 
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§ J).5. Kiflncj/s of Fishes,~-ln all Vertebrates an excretory 
organ is very early developed in tlic form of a lube, extending 
from ea(di side of the (doac'a forward, along the dorsal region of 
ilio abdomtm, close to the spine, Avliere it cominniiicattjs with a 
number of slender blind tubes placed at right angles to it ; the 
longitudinal trnnk-tnlic serving as the excretory duct of the 
shorter transverse secerning cjcca. These glands arc transitory in 
iheair-breatliing Vertel)raies and are called, from their discoverer, 
‘corpora Wolffiana;’ they are persistent in fishes^ and are 
called ‘ kidneys/ fig. 3o2, 71 : in both they are renal organs and 
secrete urine. 

A slightly opaque, slender, elongated glandular body, in Ihe 
situation marked k in fig. 169, may represent the renal organ in 
Branchiostoma, The structure of this organ is more obvious in 
the Myxiiioids: it is double: each long duct, fig. 353, 1 , as it 
extends from the cloaca through the abdominal cavity, semds off, 
at regular Init distant intervals irom its outer side, a short wide 
tiilxi, il). />, which communicates by a narrow opening with a blind 
sac, ib. il At the bottom of this sac or ctcciim there is a small 
vaso-gangHon, fig. 353, 2, d, free on all sides save that by whiel. 
the vessels, ib. «, enter, and lb. V there are no nriiii- 

ferous tubes in this vaso-ganglion : the contents of the cjcciim 
must react through its thin parictes and those of the ca])illaries 
with which it is in contact ujK)n the blood in those ea))illarlcs, and 
extract therefrom the azotised uric principle. Analogous vascni- 
lar bodies, formed chiefly by convoluted tufts of arterial capilla- 
ries, are present in the AVolflian bodies of Mammals, and tn tlie 
persistent renal organs of all Vertebrates. They arc called, after 
their discoverer, ‘ Malpighian corpuscles,’ and the nriiiifcrous 
lubes take their rise by a sacciform blind beginning applied over 
the vascular tuft or ganglion.^ 

Tlie combined secerning caeca and vaso-ganglia form In the 


* exxx. ii. p.314. 
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Lampreys * a coiitiuuoiis narrow elongated gland, wliich extends ni 
their young or Aminoeete corulition throughout the abdomen, but in 
the lull-grown fish ( l\iromt/zon) along the ])osterior two tlvirds : in 

both being confined to the 
dorsal part of the cavity, 



Visrri M i.>I iiialii Shark, shuwiiiK kidmiys, n, in nitu 


fig. 354, ff, Tlie ureters, 
ib. Cy open into tliQ short 
canal leading, to the pa- 
pillary production of the 
peritoneal outlets close 
to the aniis.^ 

In most ( ).sscous Fishes 
tlie kidneys are long and 
narrow, and extend 
through the whole or a 
great part of tlie dorsal 
region, of the abdomen, 
iiniily attached to the 
vertebral column ; they 
are usually broadest and 
1 1 ilckest anteriorly ,Avhcro 
they sometimes present 
a lobulated surface ; they 
contract, a])proxiinate, 
and ircquently blond to- 
gether as they extend 
backwards ( Cyclopterus ) ; 
s( )i 1 1 e t i mes pene trating 
the luemal canal in the 
tail. In the Gymnotus- 
the kidneys are distinct 
and tliickest at their pos- 
tcirior ends, as they are 
in the Gurnard, fig. 379, 
Ity and in most Sharks. 
'I'lie kidruiys liave not 
a w'el\-dcfined 'capsule 
in Osseous Fishes, but 


their ventral surface is immediately covered by an aponeurotic 
membrane, against wliich the peritoneum, and the air-bladder 
when [ircsent, arc applied. The renal tissue is soft and spongy, 


* In Vdnmijzoii mdrinus the diameter of the tubuli urinifcri of an inch, that 

of the capillaries of the kidneys being of an inch. ® xx. iv. pi. 56, fig. 1, c. 
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firmest at the fore-part of the glaiul; usually of a roddish-hrown 
colour ; sometimes soaked, as it were, with dark pigment.^ It is 
supplied by ruimerous small arteries from the abdominal aorta, ^ 
which form Malpighian corpuscles; but these arc fewer in 
number and less complex than in the true kidneys of higher 
Vertebrates. The [)riinary l)ranchcs of the tubidi uriniferi, given 
off fretn the long ureter, are cxtreihely numerous ; tlicir divisions 
in the renal substance are comparatively few ; they arc in most 
fishes convoluted and of ccjual 
diameter, extending througli the 
whole renal substance, which 
sliows no distinction of cortical 
and inedulljiry ])arts, and has 
neither ‘ pelvis’ iior ‘ maininil- 
he: ’ they are lined by a ciliated 
(^j>ith(dinin. Sometimes a single 
common ureter (jults tlie coa- 
]esc(}d hinder ends of the kid- 
neys, as in tlie Pike, and termi- 
nates in a urimiry l)laddcr. More 
freriuently the essentially du])lex 
nature of the kiilncys is mani- 
fested l)y the emergence of two 
ur(iters from the vcjitral suMacc 
of their ])osterior ends when these 
have coalesced : in some fishes the 
ureters unite together after (juit- 
tiiig the kidneys, and terminate ))y 
a common gradually wi<h*iiing canal in the urinary bladder ; some- 
times they cuter the urinary bladder separately, as in the Wolf- 
fish, wlierc they both terminate on Its left side, half an inch above 
the cervix: rarely are any smaller accessory ureters scon, as c.g. 
in th(wSticklebaclv, to terminate also, separately, in the bladder. 
Tins, in aquatic animals appareutly needless, receptachi of a fluid 
excretion is, nevertheless, rarely absent in Osseous Fislics; the 
Pilchard, the Herring, and the Loach are among the few instances 
where it is not develop(;<l. In the Loach a very short, in the 
Herring a long, common ureter terminates behind the anus. In 
tlie Gymnotus the common ureter is so wide as to serve as a 
rccejitacle, and it is directed forward to reach its termination 
immediately behind the advanced vent. 

The urinary bladder is sometimes round, fig. 379, sometimes 

'S 

* As in Lepidosiren, xxxiii. p. 349. * Hunter, vii. vol. ii. p. 112. 



1. The anterior extreinily of tjiekldiiey* nJt /fo- 
xxi. 3. Mali'ijrhiiiu body iiud its blood- 
"V es.Selsi, liddloi-tvina. xxi. 
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oval or pyrifonu, oft on bilid at itB fundus, or two-horncd ; it Is 
largest in tliOSG fishes, as the I^lcut'oticclhlcPs J^ophlus^ O rfluu/orispus ^ 
and Cycloptnms^ in which the cair-bladdcr is absent. In Calhjony- 
mm the bifid urinary bhidiler extends the whole length of the 
abdomen. It always lies behind the reetum, generally receives 
the ureter or ureters nearer its fundus than its cervix, and the latter 
is prolonged usually into a prominent papilla behind tht vent. 
The loiig'cervix vcsicie in the Salmon is surrounded by a venous 

plexus. In the Sturgeon the wide 
ureters extend along the outer 
borders of the kidneys, and re- 
ceive the vasa deferentia or the 
oviducts in their course towards 
the cloaca, where they unite into 
a short duct Avhich forms the com- 
mon outlet of the urinary and 
generative products. 

The kidneys arc long, narrow, 
but distinct from each other in 
all the Ganoid Fishes and in the 
Lepidosiren. In the Lophius the 
kidneys present a more compact 
form, and are situated wide apart", 
far forwards in the abdomen, in 
depressions on cither side of the 
origins of the ‘ retractores palati.’ 
The kidneys of the riagiostomes 
arc also of a more compact form 
than ill Osseous Fishes, and are 
always distinct, and generally 
Kitiiicy nii.i Lanipn-y ivato- show a cerchriforiu convolutcd or 

iiiifzoiL vtarhius). xx. -i i i i i • 

lobulated exterior: the primary 
branches of the uriniferous tubes are fewer, and their dichotomous 
ramificationsmorenuinerous:* the ureteric trunk becomes superficial 
along the inner and fore-part of the hinder half of each kidney ; 
after quitting which it dilates in the Grey Shark (^Galeiis) Into a 
kind of receptacle, fig. 352, m, behind each oviduct or vas cleferens, 
and communleating with its fellow near the cloaca, terminates by 
a single urethral canal upon a kind of penis or clitoris, ib. (u 
at the back of the anus, within a large common cloaca. In the 
Torpedo, the ureters terminate on the cloacal pa[>Illa by two dis- 

' In the Rav, the diameter of the terminal brunches of the uriiiifcri arc iJith 

of an inch, that of the cjipiliary renal arteries bein^ nik^h of an inch. 
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tmct orifice>sJ In tlie Skate and Tlioriiback each ureter terminates 
in the neck of a shoi’t bifid bladder ; these open by a common iirc lhra 
upon the cloacal papilla. The Lepidosiren has a small urinary 
bladder situated behind the rcetum and in front of the oviducts : the 
ureters do not communicate directly with it, but terminate sepa- 
rately on small papilhe in the oviducarcompartment of the cloaca.^ 

AVdth regard to the circulation in the kidney of those Fishes, as 
c. g. the Plagiostornes, the Lophius, and the I jopidosiren, in which 
the organ is best defined, the vein on the outer side of the kidney 
which receives blood from the tail, the abdominal iiarietes, and the 
generative organs has so far the asjicct of a portal ’ or inferent 
vessel, that a second and larger vein, whose roots take their rise 
in part from the renal suhstanec, extends from the inner and fore- 
part of the kidney to convey its blood to the postcaval vein. The 
exterior vein is not, however, completely expended in the kidney, 
hut is also continued forward from the anterior end to join the 
veins from the anterior abdominal parietes, and sometimes those 
from the pectoM fins. In all Fishes the kidneys maintain the same 
ndations with ^'cardinal veins that, their transitory homologues 
the ^ Wolffian b*Ies ’ do in the embryo of higher Vertebrates. 

§ 96. Kidn^s of RqHiles.— In this class tlie kidneys are always 
a distinct pair, and arc more circumscribed in form, and more 
comjiact in structure than in Fishes ; but, as in them, the renal 
tissue is uniform, not divided into ^cortical ’ and ^ medullary ’ parts. 

In the Siren eacdi kidney is a long, oval, snlicomprcssed body, 
tailoring anteriorly to a jioint situated in the liind part of the 
abdomen, dorsad of the rectum, with an entire Investment of 
peritoneum rcffcctcd upon their inner edges, where they receive 
small arteri(?s. The ureters enter the back part of the cloju^a, from 
the fore [lart of which is developed a small allantoid or urinary blad- 
der, Tlie kidneys of Amphiitma resemble those of Siren. In the 
Menopoina the kidneys are relatively longer, extending nearly the 
whole length of the abdomen on each side of the vertebral bodies. 

In the Newt the kidneys are less elongate, and their forepart 
liccomes so thin and transparent that it lends itself lavourably to 
microscopical examination. The ciliated epithelium continued 
from the uriiiitcrous tubule, terminates abru[)tly shortly after 
entering the Malpighian capsule, fig 355, cp: the basilemma 
of the capsule, beyond the termination of the ciliated 
epithelium, appears to be unclothed : it is a homogenous, trans- 
]>arcnt, structureless substance, perforated by the inferent and 
efferent vessels, and not reflected over tliem. The iiifercnt 
* cxxxvi. * xxxiii. pi. 27. 
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vessel dilates on entering, forms a few coils, again contracts, and’ 

becomes tlic efterent vessel.^ In the 

o,>o 

i rog the kidneys present a more 
compact form; they are flattened, 
A/ii with a convex outer 

j i (t* )* border and a nearly straight inner 

B situated 

1\ — I pelvic end of the abdominal 

behind the rectum and allantoid 
\V bladder: the ])eritonciim covering 

tlieir sternal surface. The renal 

capillaries, derived from the reniportal 
yein^ ib. K, ramify through the gland to 
reach the Maljiighian capsule, fig. 3 oG, 
" f: in the specimen figured, by Bowman,'^ 

^IrilldfrlMan body, :Ni'vvt. cc’bxxxvi. * , , * t 

under the uiagniiyingyiower ot .:> 2 () dia- 
meters, the part where the capillaries enter (near /)is obscured hy 
arj 6 ail uriniferous tube. On enU r- 

i iiig, the cnpillary ciilargea aiul 

forms a few coils, 7//., whiidi lie 
bare in tlie capsular cavity. The 
lemma begins to receive an epi- 
thelial lining at /, /, which 
increases in tliiekness to the neck 
of the tulnile, r/, d, and is covered 
hy cilia: these may maintain 
their motions hours after the 
death of the Frog. The urini- 
feroiis tubules form hy succes- 
sive unions the ureter, which 
opens into the urogenital com- 
partment of tlic cloaca, ojipositc 
the orifice of the large bifid al- 
lantoid liladder, the contents of 
whicli are mainly water. 


TtfRlid.ffldan body, :Ni.'vvt. cc’bxxxvi. 










MaU'lf^lWaii body, Fro^,'. (;xxxtii. 


Ill Serpents the kidneys, fig. 
3/57, tf ty partake of the usual 
elongated form of the viscera, 
and are subdivided into numerous 
flattened, ovcrlajiping lobes, so 
as readily to accommodate them- 
selves to the flexuosities of the 
part of the trunk in which they 

2 J)3, 
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arc lodo*ecl. In most Serpents tlicy are un symmetrically situated ; 
the left in Coluber natrix^ e.g., bjelng oiic-fourtli of its length 
nearer the cloaca than the right kidney; and they arc loosely 
attached to the dorsal abdominal walls. Each renal lobe is so 
distinct that it may be regarded as a separate kidney or rcnule : 
it is reniform in Pijikon and Boa^ and is principally composed of 
the ramifications of the renal artery, the 
reniportal and renal veins, and the urini - 
ferous tubules with their initial (]\Ialpi- 
ghinn) capsules. The artery of the renulc, 
entering at the notcli or ‘ liilnm,’ repre- 
senting the pelvis, distributes its Imnichc.s 
fanwise through the middle of the sub- 
stance: each branch, fig. .358, sends 
twigs to the Mal[)ighian capsule wdiich 
form within it the dilated plexus, ana- 
logous to that in fig, 356, wdiencc the 
blood is returned by the efferent vessel, 
ill the direction of the arrow, to ihe 
branch of the reniportal vein, fig. 358, 

V. : these branches being distributed 
fan-wise over both surfac^es of the flat- 
tened rcnule. Jn this course they com- 
mnnic.ate wdth, or lielp to form, a rich 
venous jdexns, ib. surrounding the 
tiibull uriniferl, ib. and communi(!ating 
w ith the branch of the renal or emulgent 
vein, Ib. e, Avhich accomp.anics tlie 
artery, in the mid-substance of the 
renulc. 

Tiic tubuli, ib. t, coutlnucd, as in fig. 

356, from tlie capsule of the ‘ JMalpiglnan 
l)ody,’ after some convolutions, pass to the 
surface next wdilcli the ^ body ’ is ])Iaccd, 
and terminate in a branch of the urcti'r, 
ur^ there situated : these supei’ficlal 
branches are dispersed fan-wise, converg- 

, 1 ^ Buakc OJL. 

ing to the ‘huumj and are otten seen 

injected, as it were, by the opakc white pultaceous urinary 
excretion. The Malpighian bodies diminish in size and tlie tubuli 
in length, towards the thin edge of the rcindc. 

Thus, on eacli^su[)ci-ficics of the flattened rcnule are the radiating 
raniuli of the ureters, «r, and renl-portal veins, ;)»> ; whilst along 
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the phiiic, midway l)etwecn these surfaces, are the similarly 
disposed l)riiriches of tlic renal artery, and renal vein, v. The 
material of the urinary excretion thrown hy the epithelial cells or 
bags from the inner surface into the cavity of the uriniferous 

tubules, jf, is derived from 
the rich venous plexus, 
everywhere in contact® with 
their outer surface.: the scro- 
sity exuded from the dilated 
arterial plexus in the ]Mal})i- 
ghian capsule, propelled by 
the ciliary action, dilutes and 
w^ashes out the excretion 
from the tubuli, whence it is 
conveyed by the su])erficial 
branches of the ureters to 
the trunk, or ureter, com- 
mon to the several renules, 
and, by the ureters, is dis- 
charged into the cloaca.' 
I Tliere is no urinary or allan- 
uT toid bladder in Serpents. 

T^he kidneys in Lacertians, 
fig. 301, /<, fig. 332, are 
.shorter, broader, and less 
riaiiof aispdsiiion r,f in the subdivulcd than ill Serpents ; 

ronuh.' itl lioiu cx.wvii. , , , , ^ ' 

Situated close to the verte- 
bral bodies at the hinder part of* the abdominal cavity; they 
are u.sually pointed at their forepart i^Chjdodiis), In the Iguana 
they are of an ohlong, subdepressed form : their structure is 
essentially that above described in tlic lloa. The ureter runs 
superficially, as it collects its tributaries, along the free or ventral 
snrfiice of the kidney, and terminates in a slight eminence, papilla or 
ridge, close to tlie genital orifice, in the urogenital comjiartment 
of the cloaca, behind or dorsad of the anus. Anterior to, or sternad 
of, th^^ terminal orifice of the rectum, is that of the urinary or 
allantoid bladder, of large size in the Iguanrf: In this reptile 
Hunter found the bladder ^ filled with a wliitc fluid,’ and ^ tlicre 
were small calculi in it,’ ^ In the same reptile he records the pre- 
sence of S;ne brown calculus in each ureter, almost filling the 
duct.’^ 

‘ The jDgenioiis and lucid explanation of the functions of the minute structures 
given by their discoverer, Mr. Bowman, in oxxxvir. * 

* tx^xxxvi. vol. ii. p. 357. ® Ibid. t 
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I1ic fatty a])pGn(]agcs which arc attached to the kidneys or 
urinary bladder in liatrachia^ Ophidian and Lfirertilui^ attain a 
remarkable size' in some members of the latter oj’dcr ; in the 
Ljaana tuberculata tliey are attached by a narrow process to the 
sides of the bladder, near its neck.^ 

In the Chclonia tlic kidneys ])resent a more comjxac.t form, 
and their surface is convolutod^^throu^h tlic disposition of the 
component lobes. They have the same low pelvic i)osilIon as 
iirinzards, but arc smaller in proportion, and are outside the 
})Gritoneiim. In the Tortoise {Testudo tah dl( tin) arc oblong, 
l)road, thick, siibtrihedral bodies: in the Turtle {(helone ini/dns) 
they arc flattened anteriorly, or towards the abdominal cavity, 
convex where they rest upon 
the dorsal wall. In ]vinf/s, 
figs. 307 and 359, o, they arc 
rSemioval. The tubnli urini- 
IV'ri pass to the superficies of 
the lobides and there form the 
branches of the ureter, which 
unite towards the mesial border 
with the beginning of the main 
duct, ib. N; tliis is short, and 
terminates, with the si^erinduct, 
c, in tl)e male, in the uroge- 
nital cavity at F. The rectal 
orifice intervenes between tliis 
and the wide opening of the urinary bladder, ib. M, m". This 
receptacle is pro[)ortionally smallest in the marine Chelonia 
[Cludoncy Trio/ij/.i') : in its contracted state it presents, in Chdona 
nif/das, thick muscular parietes and a corrugated internal surface. 
In terrestrial and fresh-water Chelonia the bladder is relatively 
much larger, and with thinner walls. In many it is bifid. In 
Einydians, besides the ordinary bladder, fig. 304, u, a pair of 
other bladders, ib. u', u", communicate by w ide orifices, behind 
the ureters, with the cloaca (p. 447). 

In the Crocodilia the kidneys arc of an oblong oval form ; the 
forepiirt is tliiclicst or largest, and is sternad of the psoa^ muscle, 
the hind part extends into the side of the pelvis ; they arc in 
contact with each other at the mid-line. The surface is convo- 
luted, like the brain, but with smaller and more numerons gyra^ ; 
the colour of the kidney is usually a deep hnnvii. The ureters 
terminate in low papillie, in the urogenital compartment of tlic 

* XX. vul. iii. p. 221, prep. no. 1S20 A. 


359 



M:Uo organs of ffoncnition, rthI Ititliicy of Em\i» 
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cloaca bchlml the genital orifices; the forepart of tlic cloaca 
is slightly dilated, JJ-od the rectinn opens therein by a valvular 
protrusion. 

The formation and disposition of the rcniportal and renal or 
emulgcnt veins have been previously described. 

§ 97, Adrenals of Ilcpmatocnja. — The bodies called "suprarenal 
capsules,’ " rencs succenturiattc,’ "capsulic atrabiliariaj,’ &c., iiniMan, 
may be represented in the lowest Vertebrates, e, g. the My^^bioids, 
in the form of a pair of small oval lobulated bodies situated In 
advance of the kidneys, and close or adherent to the portal sinus. 
In the lamprey a glandular body lies between tlic aorta and car- 
dinal vein, adhering to the coats of the hitter ; but it lias not tlie 
characteristi(j structure of the adrenals in higher Vertebrates. In 
ordinary Osseous Fishes the adrenals have been recognisetl as 
roundish bodies of a light grey colour; commoidy two, rarely 
three or more in number, situated sometimes near the middle, 
oftenor at the hinder ends of the lvi<lncys, at or near the entry ol* 
the luemal canal ; but iii the Eel they arc found wluu’c the t wo 
kidneys unite. They arc commonly syumuitrical in poKsition ; 
but ill the genus Seoniher one adrenal is in advance of the other; 
and in FliraroueetMcii they He both on tlic same side of the body. 
Sometimes they lie free, sometimes they are imbedded in the renal 
tissue : they usually possess a jiroper capsule, and present a 
minutely granular texture without distinction of cortical and 
mednllary parts. Their surface Is smooth in some Fislies, irregular 
in others; in large and old Pike three adrenals have been seim ; 
hut in th(j young (".lack,’ one foot long), the kidney has been 
found to be beset Avitli a number of small adrenals,* The yellow- 
ish adrenals of the Sturgeon occur as luinuirous small glandular 
bodies studding the dorsal surface of the kidney. Four or five 
similar bodies are sometimes found in the Skate; bij^t more com- 
monly in Plagiostoines, the adrenals are represented by a single 
elongated narrow yellowish and lobulatc body, situated i)elilndthe 
kidney, and sometimes extending behind tlie dilated ureter.^ The 
adrenal in Fishes, whether compacted or subdivided, consists of an 
aggregate of lobules, Avith proper capsules, connected by looser 
connective tissue: each lobule consists of cells ofvibout 47/ifotlA 
an inch in diameter, containing nuclei, fat-globules, and molecnlar 
particles, the latter being mostly aggregated about the nuefons. 
Processes from the lobular capsule pass inward and insulate the 
multinucleate cells. In the young Pike tlie molecular-clothed 
nuclei acipiirc a cell-wall, become liberated, and converted into 
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new inultinucleate cells. In old Pike this mnltiplicatlon is 
arrested: the connective tissue ^ncreasc^s in quantity and density, 
and the multinueleate cells are more separated from each other. 
I'lie connective tissue, and the cjipsules which it forms for the 
adrenal and its subdivisions, are richly supplied with blood-vessels. 

The structure of the adrenals, however, is subject to great 
varli^tion within the llinits of one and the same species in the 
])iscine class. The following modifications have been observed in 
the Cod-fish*: 1. Very rarely the adrenals are entirely absent. 
2. They arc scinifliiid, very vascular, not encased in a capsule, 
and without defined form ; the blood-cor])uscles are extremely 
numerous, aggregated in small lumps, and in various stages of 
transmutation. 3. They possess a proper capsule, being more or 
less vascular. 4. They arc shrunk, with but a few, or without 
any Idood-vcssels. 5. Not rarely a part of an adrenal is composed 
ol'iadls and lobules, whilst another part is a formless conglomera- 
tion of molecular particles, fat-globules, &c. 

Adrenals are entirely absent in the Herring and in the Launce 
{Ammodj/tes Tohianm), 

The fish-like liatrachia resemble some Fishes in the sul)diYided 
conditioj) of the adrenals; twenty or more lobules, showing the 
al)Ovc-described structure, may be found partly imbedded in the 
substance of the kidney, at its mesial border, partly l)ctween the 
kidney and the renal and postcaval veins, >surrounding the coats 
of the efferent veins { Slren^ Tritort), In the Frog and Toad the 
adrenals a])pear as a yellow streak on the sternal aspect of the 
kidney, arching from about one line from the fore end to within 
two Hues of the hind end of the gland ; it shows a lobular struc- 
ture, and surrounds the efferent emulgeut veins, closely adhering 
to or imbedded in the coats, as they leave the kidney to join oi' 
form the ])ost;caval vein. The lobules consist of groups of multl- 
nuclcar cells, coutaining a greater proportion r>f oil-glohules than 
ill Fishes : but both the free nuclei and grannies are [iresent, the 
former sometimes showing stages of dcvolopement into nucleate 
cells. The blood is supplied chiefly by brandies of the reniportal 
vein. 

In ItIic Opltidia the adrenals arc long, slender, lobulatc? bodies, 
closely adherent to the coats of the emulgent veins, in advance of 
the kidneys: in a Python of ten feet in length they measure 
nearly one inch. The adrenals are rather less elongated in Avfjnh 
fraqilis. The adrenals arc supplied by minute branches from the 
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aorta, and more abundantly by vessels sent to them from the 
plexus venosus of the neural canal ; both kind of vessels ramify 
ill their substance, forminj^ a fine capillary network upon the 
capsules of the multiniiclcatc cells. The blood is returned from 
the right ailrenal directly to the ])ostcaval vein, and from the lelt 
adrenal to the corresponding cmiilgent vein. In Lacerta ocvllnta^ 
each adrenal is about one sixth of an inch in length, and one- 
eighth of an inch in breadth, adherent to the emulgeiit vein, 
where it forms the postcaval : upon which the right and usually 
the larger adrenal sometimes lies. In the male Lizard it is 
situated lietwecn the vein and the vas deferens : in the leinale, 
between the vein and the ovary. The adrenals arc lobulated, 
and well supplied with blood ; their minute structure is essentially 
the same as that in Ophidia and Batrachia, 

Hunter left preparations of two glandular bodies, with a con- 
volute exterior surface, and a liomogenous parenchyme, similarly 
disposed, which he called Lsupra-renal glands’ of a Tortoise;' 
and, in his ‘ Anatomy of a Land-Tortoise,’ lie writes, The 
capsula renalis is large and flat, situated above the kidneys : it 
looks like a pancreas, being conglomerated, but, when cut into, 
ajipears to be all of the vsame substance.’* Bojanus regarded two 
long bodies, situated at the inner margin of the kidneys of Enrtjs 
europcca as the adrenals ; but, according to Ecker, tlie adrenals 
of Testudo (jrccca lie on the abdominal (sternal) surface of the 
kidney, imbedded in its substance, extending almost the whole 
length of the gland, as in the Frog.^ Under the microscope they 
appeared as aggregates of yellow granules, each inclosed by a 
pro[)er capsule, and containing nuclei, oil-globules, and molecular 

particlevS. 

Ilimter describes the adrenals in the (h’ocodile as ^ two oblong 
bodies, darker on their exterior surface than internally, and in 
some places little yellow bodies arc to be seen upon them, as in 
the kidney ; and on the outer edge is a very small yellow thread 
j>assin^ down, which is continued along the broad Jigamejit its 
whole length towards the anus.’ ^ This might be the reinnant of 
the duct of the primordial kidney. 


* XX. vol. iii. p. 130, preps, nos. 1277, 1278. 

* CCLX.\XVJI. 


= ccxxxvr. vol. ii. p. 3(14. . 
* ccxxxvi. vol. ii. p. 340. 
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CHAPTER IX. 

'J*EGUMENTARY SYSTEM OF lEEMATOCUYA. 

§ 98. Composltlou of TegmnonL — The tcgumciilaiy orgaiLs of 
Vcii tchratos, where they do not happen, as in exeeptional instaiuios 
or jiarts of the body, to Ideiul with tlic periosteum of the endo- 
slvoleton, are defined from subjacent structures by loose or yielding 
connective tissue: hence the iacility with wlihdi Vertebrates of 
all <dasscs can be ^skinned.’ The part so removed is the " tegu- 
ment,’ and constitutes tlie outermost of the organs differentiated, 
in tlie ot)ur.se of emliryonal devclopcnumt from what has been 
termed the ‘serous’ or ‘animal’ layer of the lilastoderni. 

Tegument inaiiily consists of an outer epithelial layer, called 
‘ opiderm,’ and an inner fibrous or areolar layer, called ‘ dcj’in.’ 
The tissue of (be derm includes ‘wliitc fibres’ and ‘yidlow fibres.’ 
11ie white element forms bands of uneipial thickness, striated 
longitudinally, but ivrc'gularly, and breaking up into fibrils of 
ditlercnt width, the finest being too minute for micrometry. The 
white bands interlace In various directions, witli a Avavy course, 
Irequently subdividing, and joining those near them. The yelloAV 
fibres arc solitary, very clastic, disposed to curl, branching at 
Intci'vals of variable length, and the branches, usually as large as 
tlie trunk, uniting with contiguous ones. A drop of acetic aedd. 
Avhich instantly swells the Avhite bauds and makes them trans- 
parent, produces no change on the yellow filaments.^ Into the 
derm enter bloodvessels, absorbents, and nerves : it never contains 
fat. ICjiiderm consists of epithelial cells of every form — caudate, 
tesscllato, rarely ciliatc — and in all stages of developemont, 
increasing in density, horizontality, and overla]>| an guess as they 
api)roach the outer surface of the skin, and bhmded with ])igincnt- 
cells and pigmeuf-iVcirticlcs in proportion as they are near the derm : 
blit many other parts arc specialised in the tegumentary area of the 
hlastoderm than those which, from their greater abundance and 
constancy, give the cliaraetcr to the two best defined layers. 

J Julbs or pulps of hairs and feathers, bony scutes, and fish-scales 


VOL. I. 


I 


* eexo. i. 491. 

• N N 



546 


ANATOJMY OF VERTEBRATES. 


— sebaceous, sudoriparous, and mucous follicles — may be developed 
in or from the derm ; tlie epidcrm may be condensed into nails, 
claws, hoofs, horns and horny scales. The warm“l)loode(l are dis- 
tinguished from the cold-blooded classes by the non-conducting or 
heat-retaining nature of the superficial covering of the tcguinent. 

360 



§ 00. Ti'iiurncrds of Fishes . — The skin in fishes is more tensely 
stretched over the body, and often more closely united to the sui)- 
jacent fascia or flesh, than in other Vertcl)rMtcs : consequently it 
enjoys less mobility. The constituent fibres of the derm or 
coriimi are so disjiOvSed as to give it a laminated structure, fig. 
8()(), a\ the horizontal layers being connected by vertical sub- 
clastic fibres,* ib, h. The numerous papillie or processes from i\ic 
skin of the under part of the head of the Sole {iSolea vuhjnris) 
give it a villous character ; other Instances wlierc the derm deve- 
lo})es tactile pajnllcc in fishes are indicated at pp. 320, 411. 

In the Lancelot the dermal fil)rcs are minute, and compacted 
Into two planes, one iieaidy at right angles to the other. In tlie 
Lamprey the dorm consists of two lay el's of flattened fibres cross- 
ing each other at rigid angles. The epidcrm exhibits numerous 
large stellate pigment-cells. In the Eel, the cpiderm is soft and 
tliick, consisting of inany layers of cells, caudate and tcssellate, 
those next the derm show! tig pigment in stellar masses: tlio 

granular j)igmcnt-cells look like black 
spots in the cpidenu. On removing 
this, narrow oblong scales, two lines 
to three lines long, fig. 361, a, arc seen 
imbedded in depressions of the derm. 
They consist of a finely reticulate car- 
tilage, the long axis of the meshes, 
which may be ce*ils with confluent 
walls, running nearly parallel to the 
contour of the scale, as shown in the 
magnified section taken at the line marked in fig. 361, a. In tlio 
Blcnny {Zoarc.es) tlic skin presents circular depressions winch are 

* ‘ Arctnous bands * of Clark (ccxcii, p. 148), who well dijitiiij^uishes them IVoiu 
the glund-ducts j)erforati)!g the skin in certain fishes, a.^.^niuncna. 


361 
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due to the presence of small round scales, about jLtli in. diameter, 

with concentric and radiating lines: they are set deep in the 

derm. In the Sand-eel (^Ammodijtes), the ^ 

scales are proportionally larger, and one 

margin rises from the derm and pushes out- 

ward the portion of epiderm covering it : tlic 

derma^ depression is limited to the op|)ositc 

margin, and is deeper than in the Eel. Tlic 

free' part of the scale retains the reticular 

structure ; in the imbedded part the areolie 

. 1 ('ycloid sciilf. x.xii. 

are obliterated in the directum irom the centre 
to the circumference ; the radiating lines preserve their distance?, 
but, being united l)y cross fibres close set, the structure apj)ears 
to be laminated. Tlic majority of tlexihio .scales prc.sent ihe 
same pattern of concentric and radiating lines: the coiicentiac 
lines arc the finest, most numerous, and constant ; they repeat 
the contour of the scale, and with most regularity at the aiitcri<jr 
imbedded and covered part, where growth chiefiy tabes jdace, 
tlie stages of which are marked by these linos. The ^ micleus’ or 
beginiung of the .scale is Uvsually oxeentric, fig. 362, u. The ra- 
<liating lines, fig. 3()2 and 3G3, r, r, arc larger and fewer : tli(*y 
are most numerous in the Loach are sometimes conlined 

to the forepart of the scale, fig. 3G3, or may be absent (^Salnio): 
they are furrows. The parts of the si?alo-margin between tlio 
eiuls of the radiating lines usually project In different (U?grees 
from a slight convexity, as in figs. 362, 363, to the form of pro- 
cessc.s. The latter arc most common at tlic anterior implanted 
border of the scale {Eso.v): in many fishes the op^iusltc or free 
border has numerous tootli-likc processes, and 
similar parts may jiroject from the adjacent 
periphery of the scale in two or more rows. „ 

Such scales with a comb-like free border, fig. 

3(>3, characterise tiie fishes tlieucc called 
‘ ctenoid: ’ where the free border of the scale 
is rounded or simply undulated, fig. 362, it 
characterises the ^ cycloid’ fishes of Agassiz.^ 

The sefit of chirf vascularity and grcatc.st 
activity and variety of developemcnt is at the 
IKiriphcry of the derm, between it and the 
epiderin. Here are formed the scales, constituting an imbri- 
cate covering of the body in most fishes ; but, in a few, contiguous 
er scattered. According to tlicir structure and shape, scale.s are 
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termed ^ placoid,’ fig. 3f)0, ^ganoid,’ fig. 304, * cycloid,’ fig. 302, 
‘ (‘teiioid,’ iig. 303. Jii the first and second kinds bone-earth predo- 
iiiiiuites, and tJie scales arc as hard as teeth ; in the two latter kinds 

the cartli is in less (piautity, so that 
the scale Is flexible : it is rarely want- 



ing. The kinds of scale graduate 
into each other. Most flexible scales 
jiresenttwo structures: one next the 
dcrui is com[)osed of gristly lamime, 
usually firm and elastic, fig. 300, c ; 
the superficial jiortion, ib. d, is 
laminated and hardened by iiiterla- 


niellar calcai’oous granules.* In the posterior or exposed |>art 


of the scale of a Carp there is a }>criplieral osseous layer, deve- 
loping the outer markiuguS or projections of the scale, fig. 300, d; a 

middle laniinalcd layer, with 
calcareous granules, ib. a ; 



and the internal layer ol' 
laininte of structureless car- 
tilage, ib. c. 

In the Tunny {Tlujnmts 
vnlijaris) the scales are com- 
posed of fine, partially ossi- 
fied, lamime, hetwoeii which 
arc elongated VlacunaC or 
hoiic-cells: the scale iscanecd- 
lous at its middle pjirt.^ In Le- 
pidosteus the scale is thicker, 
is composed of very thin ossi- 
fied layei's, fig. 300, «, perfo- 
rated hy vertical tubes abmit 
~th ill. diameter, and having 
numerous lacume iii their 


I’lacoid BCfilo A, ij, ii.it. blzo ; c, m.igii. i^i-ction. 


interspaces,^ the radiating 
canals of which communicate 


witli a more minute series of vertical branched tubules, called ‘Lc- 
|)idine ’ by their dcseriber."* Idicsc, in most gnnoid fishes, have a 
less general distribution through tlie scale than tlie larger and less 
branched series, wliich, from theiranalogy to dentinal tubes, I have 
called ‘ plasmatic,’ conceiving them to relate to the nutrition and 
vitality of the scale, as doubtless also do the " lepidine ’ tubules in 


* ‘ Corpuscles of MaiidV ccciii. : ‘ lAjnticular bodies * of \yillianison, ccxcii. 
2 n(rxciii. vol. ii. p 70. » v. p. 14 . ^ ccxci. p. 400 . 
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the jifirts of the scale to which they are limited. The peripheral 
surface of the scale is coaled by a layer of hav^l tran3|)areut laiui'- 
iiated substance, ib. (‘ email/ Aj^.; ^gauoiii/ ^ Wilk.’*^). In Le/j/- 
dostnis rub/pterm the ganoiii is usually confined to t\vo-lhii*ds 
of the outer surface of the scale. In both existing Ganoids the 
scale is perforated vert ically by a -few larger 
tubes, ‘analogous to the Vascular canals’ of 
bone, and eV>nveylng blood from the derm to 
the delicate layer of* membrane extending from 
the scale-pit, fig. 3fi(), /, iqion the ganoin. 

In the s(‘,ales of extinct Ganoidd a j)ortion 
of the dcoiier laj'cr of ganoin traversed by 
minute branching tubuli, and devoid of 
lacuna;, has received the name of Mvosmin.’^ 

'I’his tissue constitutes the duct part of the 
tooth-shaj>ed Ijodies of Il»c ‘ shagreen ’ of the Dog-fish and many 
other IMacoids ; in which it cannot be histologically dislin- 
guished from hard dentine.^ in fig. .‘Ifio arc given a side view, a, 
and upper view, n, of one of the ‘ placoid scales,’ or spiny tubercles 
of the Thornback {Rala davata): C is a magnified se(;tion of the 
scale, '^riie substance of the spine consists of superimposed conical 
lamella?, having, in the Thornback, a widely open pulp-cavity, 
\\),p, from wliich ])rocccd vascular canals, resolving into jdasmatic 
tubes, radiating and ramifying tbrougli the substance as in ordi- 
nary teeth. The base of tbo spine-bearing scale, ib. />, is iml>edded 
in tlie derm; and, as the ‘ hav(;rsian canals’ of the jaw pass into 
live medullary canals’ of the teeth thereto auchyloscd, so do the 
capillaries of the derm pass directly into the ^ vascular ’ canals 
and ])id[>-cavity of tlie dermal dentine in all the various forms of 
])lacoi(l scales, many of wliicli have a coating of true ‘ganoin’ 
over the finc-t\d)ed dentine or ‘ kosinin.’ Other modifications of 
tlie dermoskeleton, such as the ])lacoganoid and acanthoganoid, 
are noti(;ed at pp. 193-198, and illustrated in figs. 121-127. 

The calcification of scales, as of Icclh, fig. 242, and bone, fig. 
15, takes place in layers of the organic basis successively formed: 
but the primitive Vuuellatc condition is most consi)icuoiis In fish- 
scales. The idea of excretion, or the throwing out of such layers 
from a secreting surface, is, however, as inadequate to represent 
the facts of the formation and structure of the cxoskeleton as of 
the cndoskelcton of fishes.® 

‘ XXII. vol. i. p. 74. * ccxci. p. 438. * Ib. p. 444. * v, p. 14. 

. ^ The microscopic! i observations on tlic structures of recent ami fossil teeth, with 

incidental notices of corresponding organisation in ossified scales, communicated hy 
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The varied and often brilliant colours of fishes are due to 
pigmciit-cells at different depths of the skin, but chicily in the 
active or differentiating area : those of silvery and golden lustre 
are mostly on the surface of the scales : the silvery pigment, called 
^ argentine^ is an article of coiniiierce, used for the colouring of 
factitious pearls, and offers a crystalline character under the 
microscope. The blue, red, green, or other bright-coloured pig- 
ment is usually associated Avith fine oil, and occupies areohe 
favouring accumulation at, or retreat from, the superficies, an<l 
thus effecting changes in the colours of the fish, harmonising 
tli(*ir exterior with tlio lni(\of the bottom of their hannt.^ 

The surface of the body is luhricated in most Fishes by 
mucus, sometimes, as in the Eel and Ibirhot, forming a thick 
layer. The skin of the Eel is perforateil by nnnuM’ous duets 
or follicles, which contribute to this excretion.*^ In tli(» IMke the 
scattered diuds notch tin* border of the scales, near their termina- 
tion : one series of follicles represents the lateral line, as in the 
hid. In most Fishes the follicles of the lateral row' are connected 
by a longitudinal canal, of which they apficar to be branches ; more 
particularly so in those species (Dory, Ojiah) in wdilcli the follicles 
arc j)roduced Into secondary tubes, and open at some distance 
from, usually beneath, tlie lateral canal. In the Mutpl cepholus 
there arc several lateral canals, giving off the follicles whicli 
tunnel the scales in their outward course. The lateral canal 
itself so marks the scales along wdiich it runs, its follicular outlets 
perforating them. The ‘^nervus lateralis’ sends a filament to 
each scale-follicle or tunnel;^ tlic cephali(5 system of wcll-nervcd 
nuK^ous canals excavates oddly superficial bones of the head in 
many Tdroatomlx^ this system is noticed m riaijiostomi, at p. 225. 
The nervous structure connected with the system of the lateral 
line suggests a stimulus to active excretion from emotional causes, 
as in the skin-glands of Batrachia. 

§ 100. Teguments of Rqjtlks. — The derm in Bafrachta presents 

mo (.0 the meeting of the British Association in August 1838, aiwl to the Academy of 
Sciences, Institute of France, December 1839, established the ‘conversion-theory,’ ami 
cornj)eU.ny one attempting to revive the ‘ excretion theory ’to substitute a deiinitioii ol 
the process wholly diflerent from that to which 13e Blainville and other sui>porters of the 
tlieory held in 1838-9. I’rof. Williamson, who has pursued microscopical investigations 
into the scales of recent and fossil fishes with perseveranco and success, affirms the facts 
which he brought forward (ccxci. p. 437) ‘to be, at least, sufficiently conclusive to 
settle the question, by showing that, whilst the scales are formed, as originally stated 
hy M. Agassiz, by the apjjosition of successive laycr.s, these layers are not generated 
by any process of secretion, but by the calcification of an organised basis, resembling 
that of bones and tcctli, as asserted by Prof. Owen.* t 

* ccxoiv. p. 327. * ccxcii. ® Leydig (cci.xxvir. p. 203, fig. 108) describes 

it as ending in a kind of ganglion. * ccciv. p. 171. 
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a lamellate structure, fig. 308, //, like that of Fishes, but with tlic 
direction of the fibres, in succeeding layers, more regularly alter- 
nating. In most parts of the trunk of the Anoura tlie skin is 
separated by wide lymphatic lacunie, fig. 307, r, from the sul)cuta- 
ncoua fascia, ib. E. Marsupial pouches, one for each larva, ib. n, 
arc temporarilydevclopcd in ^ 
tlic skin of the back of the fe- 0^7 


mjije Pipa \ a common dorsal 
pouch for eggs and larvae is 
])rcsent in the female Noto-- 
trerna tnarsypialmn^ Gntli., 
and in OpiRthodelpInja, Tlie 
cpidcrin in Feremilbranchi- 
ates resembles that of mii- 
nenoid Fishes: in most //- 
voura the constituent nucle- 
ate cells arc more condensed, 
fig. 308, h : ill many Toads 
the cpidcrin Is tuberculato; 
rarely arc scales, and scutes 
never, ])reseijt in the exist- 
iiii*: Balravhia, In Ccncilia 
tlic skin is ringed by trans- 
verse rugas. In the Ameri- 
can Jiewts, of the genua 



IHcstiodon, the small scales F.'.ii.Hcl1|ia,,.rSiirlnahiTua(l. 


present a reticulate struc- 
ture. Ill Bvfo tiilerosus the cpiderm forms on the dorsal tuber- 
cles a horny spine in the centre, surrounded by a ring of 
smaller spines: Bufo aq)er has conical siiiuc-bcaring tubercles 
on the back and sides of the trunk : those on the upper eye- 


lids of certain Toads have earned for them the generic name 
Ceratophn/s {Rana c.urnuta, Linn.). In Salnmandra nwjuiculnta, 
and in Ducti/lethrn among the Toads, the eiiidcrm is condensed 
into a claw at the end of some of the digits : in D. MYdlen it 
also forpis a spur at the base of the first hind-toe. In lUpa the 
skin is produced *at the end of each forc-toc into a 3- or 4-forke<l 
ayipentlagc, fig. 367. As a rule, the Batrachia are without claws. 
Pigment-cells, fig. 368, «, are developed in various degrees, and 
of diverse shades of colour, commonly of a dull and neutral or 
mixed tint, hut giving to parts ol the skin of the laud Salamander 
a yellow or oiyngc hue, and painting the surface of the Irec- 
Frog {Hyht) a bright polished green. 
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Mucous follicles abound in the skin of all the Batrachia : tliey 
are found in linear rows In j)arts of the Siren ; * are more o;enerally 
diffused in the Axolotl. In the Frog they arc spheroidal,^ fig. 
.‘168, rf, or subd(‘|)rcssed,* situated in the superficies of the derm, r; 
their ducts jH'rfoi*ate the eplderm, h, and terminate by rounded^ 
or triradiatc® orifices, ib. n. Like the lateral canals of Fishes, 
they usually, contain a clear fluid, which they expel on iiTitatioii 
of their nerve, ib. fJ This fluid, in the Newts dnd Toads, 

appears to possess an acid or 
irritating property. A stoik will 
swallow a f rog, but rejects a toad, 
if picked up by mistake. Tlio 
cutaneous follicles are moreJocal- 
ised in the land Salainander, 
and their secreffion is whitish and 
opakc, of an acrid nature, and 
poured out abundantly wdien the 
animal is alarmed or irritated. 
'J'hc cutaneous follicles are nu- 
merous and close-set in tlui 
American Newts of the genera 
Amhy stoma and PUthodon^ in 
which they exude a milky fluid.'* 
Special aggregates of cutane- 
ous follicles occur in most 
Batrachia. In the land Sala- 
mamlcr they form a porous 
tubercle behind each eye. In 
many Anouni the homologous 
Section or t. L'unu.iu :in.i , ut.i.ieous oc glaiulular tuberelcs 0 narotoids ’ 

the ri’ovMiiri;'i!itloiJ. <x'.vov. ^ i ^ 

01 (jriinther*) are conspicuous 
above the tym|)anum {Ah/tahc^ Bafonidai): they arc enormous in 
B7ifo nyna, and are situated on each side of the ne(‘.k in Uperoliida*. 
Ill Bufo calarnita, besides the ordinary parotoids, there is a similar 
glandular tubercle on the upper side of the legs. The skin of 
the [rack in Kalojdmjnus is thick and glandular, like a parotoid. 
In Ilf/larana the skin lias two glandular folds, one on each side of 
the back, usually of a white colour. Platymantis jdiciferu has 
several pairs of sucli longitudinal folds or ridges.^® In Polypedates 

’ XX. vol. iii. p. 277, prop. no. 2108. cclxxix. tav. ii. fig. 7. s ccxcv. taf. 
ii. fig. 10. Ib. fig. 7. * Ib. fig. 2. Ib. fig. fi. 7 If,. (6841). p. Hvi. 

eexevr. p. 281. ’ ^ Printed by inistukc ‘paratoid’ in bisi excellent Catalogiio. 

cnxxv. p. 9fi, pi. viii. fig. n. 
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a glandular fold curves from above the tympanum to the axilla or 
shoulder. 

Tlie skin takes an important share in respiration in the 
Anoui’ous Ihitracliia^^' and there is a relation of ^supply and 
demand ’ between the cutaneous follicles and the large allantoiii 
l)lad(ler: the latter woidd seem to receive water directly ))y the 
cloacfii, when tlie Frog may be in that element, and to serve as a 
reservoir ‘for the supply of cutaneous transpiration when the 
batrachian is on dry land.^ 

The epiderm is periodically shed in Batrackia, It comes away 
in shreds in the aquatic kinds. In the Toad the old e])iderm 
s])lits along the middle line of both back and belly, and each 
lateral lialf is wrigghul otf in folds towai-ds the sides. It is then, 
by contortions of the trunk and limbs, loosened from the hind- 
lind)s, and removed from them by the animal bringing first one and 
then the other leg forward under the arm, when, by withdrawing ’ 
the liind-leg, its cuticle is left under the fore-leg. The two 
]K)i-tions arc now pushed forward to the mouth, by the help of 
which the anterior extremities arc also divested of their cuticle. 
^.Fhc whole mass is finally pushed by the hands into the mouth, 
and swallowed at a single gulp. The new cuticle is briglit, soft, 
and covered witli a colourless mucus.® 

In Serpents the epiderm is shed, usually entire, and the animal, 
jiartially lilindlblded by the opacity of the layer passing over the 
cornea, fig. 220, c, seeks an obsimre retreat ; but I have watched 
the process of exuviation in a captive snake. It rubs the front 
and sides of the mouth against its prison wall, thus didachlng and 
reflecting the cuticle from the oral margin, until it is turned back 
from over the whole luiad : the snake then brings forward its tail 
and coils it transversely round the head, and by pushing the head 
through the coil turns the cuticle bacik upon the neck ; then 
tightening the coll and renewing the forward movement, threading 
the body, as it were, through the caudal ring, the cuticle is 
pushed further and i’urther back until the eversion has been 
carried so near the end of the tail as prevents the further at^tlon 
of the, coil; the animal finally glides along dragging bq]iind the 
whole of the loosened epldenn, and a few wriggling actions of the 
tail serve to com})letely detach it. Thus, the entire outer skin of 
the snake may be found shed and turned inside out, the process of 
exuviation being like the turning off a stocking from the log and 
foot. The whole of the exuviable epitlcrm in Ophidia has been 
condensed inty the form of scales: these are small and pretty 
* ccxcvii. lb. ® ccxcviii. vol i. p. 102. 
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regular in size and shape along the back and sides of the body ; 
but arc large and transversely extended across the under part, 
forming what are termed the ^ ventral scutes,’ ^ scuta veiitralia,’ 
the use of which in locomotion is explained at p. All or 

most of the scutes below the tail scuta sub-caudalia ’) are single 
in Crotalus, Bunfjarus^ Boa ; in Python^ the Co I ah r idee, and most 
other serpents they are ^ paired,’ or divided along the middle' line. 
In most sea-snakes the abdomen is compressed and keeled below ; 
in Pdamys the Itccl is l)ordcrcd by two rows of scales ; in Hydro- 
jdiys it is formed by large ))itubcrcuhite scales ; Platnrus has tlie 
venter scutate, Avith the caudal scales in pairs. Larger scales 
occur in the head of most serpents, and serve as zoological cha- 
racters, being defined as Ssciita marginalia labii snperioris sou in- 
ferioris,’ ^scutum labialc medium,’ ^scuta mentalia,’ ^scutaocularia,’ 
^ scuta frenalia,’ ^ scuta nasalia,’ &c. Tlic scales of serpents may 
be smooth or carinate, they are rarely tuberculat(j (dorsal scales of 
Xeiiodrrmus) ; and in their disposition they may be cither ‘^con- 
tiguous,’ or ‘ iml)ricate.’ 

The epiderm is condensed into claws or hooks (^calcaria’) upon 
the rudiments of hind limbs that border the vent : these arc besl. 
.seen in Jhai, Python, Ery,v, Tortru: ; it is developed into small 
horns above the eyes in Vqmra cerastes. In the Ilattlesnakc tin? 
epiderm forms a series of hard moveable rings at the end of the 
tail, twenty to thirty in number in full-grown specimens, 
<lecreasing in size to the end of the series. The terminal (3 to 8) 
caudal vertebric coalesce into a long conical bone, covered by 
thick, Rol’t, vascular derm, divided l)y two deep annular grooves 
into three transverse swellings: the basal ring of one joint grasps 
the projecting sect)nd ring of the preceding joint, and this 
incloses the tlvlrd ring of the joint next but one in advance. 
Since the second rounded annidar portion of each joint is thus 
securely gras])ed by the first rounded annular portion of the piece 
behind it, and tlie third l)y the second, and yet all of them so 
loosely as to leave room for motion, it has been .supposed that 
when the foremost piece has been completed, and a new piece in 
advance^ is about to be fi)rmed, the skin which is to secrete^ it is so 
modified that its first swelling, which secreted the first projectioTi 
of the former piece, a.ssurnes that sha {)0 and size which are 
accommodated to the shape and size of the second projection of 
the new piece, whilst the second swelling which secreted the 
sc(jond projection of the piece takes tJie dimensions suited to 
th(j third projection of the future lunv ring. The bpal projections 
of the successive rings are chiefly visible externally, only the first 
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ring has a vital connection with the derm : it is caused to vibrate 
l)y the muscles of the tail, and its vibration i*ommunicatcs a 
quivering motion, accompanied by a rattling noise, to the dry 
horny pieces behijid if.' 

The pigment-cells are mostly coml)incd with the epidermal 
ones to form the deeper layers of the scales, and ornament the 
skin ’of snakes with various and sometimes brilliant colours. The 
pqisonous* serpents are mostly of a sombre hue. The periphery of 
the derm is modelled according to the pattern, contiguous or im- 
bricate, of the eiaderm, the scales of which are evolved thereupon. 
Tlie l)Iood-vessels form a beautiful and rcjgiilar network, the area 
correspoiKUng with the shape of the scales, being lozengc-sha})cd, 
e. g. ill Coluber natrlx^'^ with the uniting angle at the centre of 
each scale. 

Tlie skin of the snout dcvelopes tentacular appendages in Her- 
pvton feutaeulatHm. Tlie integument in the Cobras (iVq/V/) • 
exi)au(ls into a broad (bid on each side the neck : the folds arc 
sup|)()rte(l by correspcmdiiigly cl<)ngatc(l ribs, p. 5o, fig. 46, />/. ; 
when these are drawn forward an oval disc of skin is caused, sur- 
])assing the head in breadth, and usually rendered more eonsj)icuo.us 
by Avell-defined tracts of jiigment. The name of ^ spectacle- 
snake ’ refers to the pair of circular spots connected by a curved 
streak on tln^ hood of tlie Naia tnpudlmis. 

The accreting follicles of the skin in Serpents are chiefly cim- 
fined to certain depressions or inverted folds of the d('rm, Tliese 
ill Crotahis and 7'rl//o?iocephahts constitute a j)it between the 
nostril and eye on each side of the head. The hinder scutes of 
the lower lip have pits in Pf/tlion Sc.hJrgelii \ as have tliosc of both 
lips in PijUion amethi/stinus. In Amphhhtma alha and in Chirofrs 
there is a row of jiorcs in front of the vent. 

The skin in most Lacertians resembles that of KScrpeiits : the 
scales are thickened ejuderm or horn ; in most imbricate, in a 
few (^Zonosaurifs, V. der II.) vert icil late ; usually smooth, but 
in some carinate, and in some tuberculate or gibbous: in a few 
they support a s])inc at certain jiarts of the body, as, c. g. the 
caudal scales of Zonurus^ both dorsal and caudal scales of Tr - 
bolonotus, the bircumtym])anic scales of Affama, the occijiital 
scales of Thrynosoma, and scattered dorsal and lateral scales in 
the Australian Lacerta muricata of White. Bond is developed 
at the base of the scale forming part thereof, or combining scute 
and scale, in Ophisaurus^ Triholonotasy Trachysaurns, In the 
Chameleons the scales are small and thin, like grains. The 

* CCXC13C. p. 294, pi. xii. * xx. vul. iii. p, 241. 
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pigmental system of the skin is remarkably developed In this 
family : it is of a arioiis colours — red, blue, yellow, brown ; each 
colour is lodged in contractile areolar spaces, and can be accu- 
mulated near or withdrawn from the surface. When tlie Chame- 
leon is kept long in a cold dark place all the pigment subsides 
into the derm, the superficial pale grey colour of which appears 
througli the thin cpiderm. When bi’ought into the light' and 
warmth the pigments floAV to the surface, in harmony with t)ie 
colour of that on which the animal rests, which usually in this 
arboreal reptile is green. If, how-ev(*T, tlie Chameleon be irri- 
tated, the colour may cluinge to a vinous red, or deepen almost to 
black: commoidy the surface is more or less mottled, grey, yellow 
and green. These phenomena, wdiich have made a proverb of 
the Cliameleon, are manifested in a minor degree by some other 
llcptiles, by most Fishes, and by Cephalopods. 

The integument, besides covering the surface of the body, 
extends, in many Ijacortians, from various parts, in different 
forms and degrees. In Baaiiisens and Iluthirm calotrs it forms a 
comj)ressed fold or crest along tlie midline of the back and tail. 
Ill Crocodilurus the tail lias a double crest above: in rkf/Uurus 
platnras the lateral exjiansions of the skin of the short tail give it 
a Icaf-sha])e. In Ilopbirus and T'ropidnrus cuvlura tlie skin of the 
throat is folded transversely : in Aijama the transverse fold is asso- 
ciated with a longitudinal fold liencath the under jaw. Tlie jugular 
fold is longitudinal and pendulous, like a dewlap, iu Ljuiwa, 
Corijthoplianes, and Semiopkoras, In Chlami/dosnurm a very 
broad transverse fold of skin extends from above each iym|)annm 
across the lower part of the neck: it is pairtly supported and 
moved hy much elongated cerato- and thyro-hyals, and can be 
cxpandeil and brought forward or erected, so as to give a formid- 
able asjiect to tliis Lizard, when it is attacked or alarmed. 

In the small insectivorous Draco volans of Linniciis a broad 
fold of skill, on each side of the body, fig. 1GB, is supported hy 
fi ve pairs of slender elongated free ribs, fig. 50, by the movement 
of which the folds can be expanded into a sort of parachute, as 
explaiiiecj at p. 265. The special modification of the teg^imcnt 
of the toes in the Geckos is described at p. 2G^^, fig, 162. In 
the extinct Pterodactyles still more extensive diiplicaturcs of skin 
were supported on a much elongated digit, and constituted true 
wings, as in the Bats, p. 265, fig. Ill, a. In many Lizards, on 
the inside of the thigh, there is a row of tubcrculate perforated 
scales, beneath eacli of which lies a pedunculate {^land, studded 
with marginal follicles: the presence and position of these ^pori 
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femorales ’ afford generic characters. They arc wanting in the 
Chameleons. Certain male Geckos have both femoral and snb- 
anal pores. In Pugojma Icpidopodus the siilianal pores are dis- 
posed in a single scries, but in Lialls in jiairs, on each side. 

In the CrocodiUa the conversion of parts of the integument into 
bone is constant, and the osseous structure shows interhujcd or 
crossing fibres, like that of tha derm in and from which the 
scut^i^ arc develojied. The arrangements and forms of these 
s(!utes ill* different genera of recent and fossil CrocodiUa are 
described at pp. 198, 199. As in Fishes, the dermoskeleton was 
most developed in the extinct secondary species. In modern 
Crocodiles a serrated crest extends above the tall, which divides 
at the base of that organ. 

A section of the dorsal integument of Tnonyx ferox shows a 
thin epiderm, then a thicker layer of elastic fibres, next many 
layers of fi))res crossing each other regulaily, and producing 
seeming layers of the derm. In Splumjk a superficial portion of ‘ 
the derm is ossified, so as to form a kind of girdle to tlie trunk, 
beneath which is a felt of soft corium, and under this the eiido- 
skeleton. In all oilier Chelonki the derm adheres to the jieriosteum 
of certain neural siilnes and pairs of phnir- and luem-apophyses, 
whence ossification extends in different degrees into the substance 
of the derm. In most Chelonia a series of bones are developed 
indcpeudently’ in the derm, at the circumference of the trunk, 
Jind also above certain neural spines, with which they may or 
may not become anchylosed.* 

The dermal liones connate with neural spines are those above 
the nine dorsal vertebno, figs. 370, 371, c//, : they arc 

termed ^ neural plates.’ The dermal bones connate with pi on ra- 
jiophyses are those which take ossification from near the heads of 
the second to the ninth, inclusive of the dorsal ribs, ib. ph-pk. 
The dermal bones connate with luemapophyses are IIiOkSC whl(*h 
start from the sternal or abdominal ribs, or coalesced groujis of 
ribs, figs. 372, 373, called hyosternal, hs^ hyposternal, ps, and 
xi})histernal, xa. Occasionally, ossification extends into the skin 
from the cntostcrnal, s {^Emyda ceylonensis), and from the epi- 
stcrnals, ea {^(\ijptopus Petersii^, The dermal bones •are least 
developed in the Trionycidee^ and are not covered by horny c])i- 
(lerm. ^ Neural’ and ‘costal’ plates arc present in all. One 
pair of dermal bones is developed from the hyosternals in Trioiiyx 
iiuhplanus\ in Trioriyx niloticiis and some other species dcnnal 
bones arc developed from the liyo-, hypo- and xiplii-stcvnals, the 

/ ' cLxn. p. 1G5. 
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hyo- and liypo-stcrnal plates on each side being naturally united 
togetlier; in limi/do cej/hnicjisis dermal bones are developed Iroiu 
the epi-, hypo- and xipbi-stcrnals, and from the entosternal or 
sternum proper, forming seven pieces : the skin of the hinder 
margin of the broad depressed trunk is strengthened in Emyda 
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by a few dermal ossicles; much of the skin of the trunk, where 
not ossified, in Tvionyddaiy lias the dermal tissue of cartilaginous 
hardness. 

In the Turtles, or marine Chdoiiia^ besides the eight connate 
neural plates, fig. 52, 51 .vs (j). 01), dermal bones arc developed 
in advance of and behind them, and are commonly unattached 
to the subjacent vertebraj. The anterior one^ ib. c//, is the 
‘ nuclial ’ })late : the posterior one, ib. py, is the ^ pygal ’ jdate ; 
the costal plates, ph-ph, articulate suturally with the neural 
})latcs, but do not extend to the end of the ribs; the marginal 
plates, in\ -mvi, arc articulated with eacli other and with the 
nuchal and pygal jdates suturally, and eight on eacli side receive 
the ends of the’ eight ribs supporting the costal \plates. Two 
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pairs of dermal l)oncs arc developed from tlie hyo- and hypo- 
stermils, fig. 53, Its and ps: but these do not articulate with the 
jiiarginal scries. In Freshwater and Land Tortoises tlio dermal 
ossifications si)rcad (iirther, uniting all the j)tirts of the plastron 


371 372 
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into one more or less flat floor, and all the ]>arts of the eara])acc 
into one more or less convex roof, li , 51 ; side- walls being like- 
wise now formed by the union of the hyo- and hypo-sternals 
with the coextensive marginal plate? In all Chelonia, save the 
Trionycidee and SpharyiSy the ciaderm of the trunk is condensed 
into large horny scales, usually conti< nous, more rarely imbricate, 
and then only on tlie carapace. Tliey may be keeled, or rugous, 
or scabrous, but are commonly smooth and jiolished, or marked 
only by concentric lines of growth. Tlieir growing margins 
indent the dermal bones siip]K)rting them, forming the triradiate 
grooves, c. g. upon the beginnings of the costal plates in the 
young* Tortoisep fig. 370, ph, and those marked .vi-si on the 
neural ami costal plates in the Turtle, fig. 52. The large ci>i- 
dermal plates of the carapace and plastron arc termed ‘ slvields ’ 
and ^ tortoise-shell:’ most of them have special names in Zoology, 
as they afford useful characters in tlui discrimination of genera 
and sjiecies ; wliilst the iinjiressions they leave upon tlie subjactuit 
bones give si’iliilar light in the interpretation of (ossil remains. 
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after the horny shields themselves have pcrislied. The epiderm 
is disposed upon the head in various forms : in most freshwater 
Chehnia it is a continuous thin hard layer on the top and sides of 
the head: in marine and terrestrial Chehnia it is usually in tluj 
form of large plates, leaving marginal impressions on the skull, 
and distinguished by special names : they arc more symmetrical in 
Chelone than in Testiido. The skin of the neck and of the limbs 
is covered by small contiguous scales: some of these arc of 
larger size on ])art.s of the feet. The epiderm isj thickened and 
condensed into a beak in jdl Chehnia^ and into claws in most. 
In Sphanjh^ however, the claws are repla(‘ed by small corla(*eoiis 
scales: in Clidone only one digit on each foot svij)j)orts a claw : 
in Caretta two digits, and in Triont/cidee three digits, sii[)poi*t 
claws: in some T(n'toises (^Testtfdo) there arc four claws on 
each foot : in most Tortoises and Terrapins (Eini/s) there iwS an 
additional claw on the fore-foot: in the heavy Land Tortoises 
the claws assume the form of hoofs. The epideini of the tail is 
usually wrinkled, and covered only by small s(*ales : in the 
Snaj)pcr (^ChehpJnt) it su])})orts a row of hai-d compresseil 
tuhercles ; in some Tortoises the end of the tail has a thick 
ci)idermal sheath, which, in the male Cinosternon, is armed with a 
pointed tip. 

The large Imbrioatc plates of the carapace of Chelone huYQ their 
fore border imbedded iii a matrix of the derm, and here receive 
tbe^ir chief inci'easo, the older parts moving backward, and being 
Avorn off. The plates witli contiguous borders rc(icivc increase 
at their under surface and entire circumference ; the concentric 
lines of growth may be marks of aiiniial iucrojneut:^ but these 
usually show a greater ratio of groAvtli at tlie front and sides tliaii 
at the back The old and dull superficial layer is Avorn aAvav, or 
tbroAvn otf from time to time, Icavijig the rest of the e})idcrmal 
.shield of a bright colour : the smooth or .scaly epiderm of the 
limbs and neck is usually shed entire. 

The skin of the neck dcvc]o|)es fiml)riate processes and 
cariinclcll in Cludys finibriata : that of the nose is produced into a 
short .snout in most TrionyeUla, 

The dl*e])er stratum of soft, usually imhrlcat(\ c]:)ithclial cells 
of the epiderm are intermixed Avith pigmental cells, mostly dark 
broAvii or l)la(jk ; abundant pigment-particles are also suspended .1 
in an oily fluid, occupying areolar spaces of the deep ejnderm, 
and usually of the brighter yelloAV, red, or green colours. Such 


* As conjectured by Agassiz, ccc. vol. i. pt. ii. p. l5‘J. 
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pigmental cells are blended with the tissue of the shields and 
scales, and may ornament the former with well-marked patterns, 
e.g. in Testudo areolata^ Emt/s ornatn, Emys picta, &c. 

Cutaneous glands or follicles open between the warts of the 
skin in Chelydra^ and probably occasion their musky odour : but 
this, in other C/ielonia, appears to be duetto larger, more com- 
pact,, and more localised glandgr Beneath the cpiderm of the 
skin of tlje under part of the body, in the Soft-Turtles, is an 
extensive network of vessels, spreading into dendritic ramifica- 
tions, too numerous and large for the mere nutritive purposes of 
the skin or supply of epithelial cells, and therefore probably* 
subservient to respiration. 

Viewing the integuments in their relations to the external 
influences from wdiich they defend the body, and by which they 
are themselves affected, wc may remark that most of the honse- 
bearing Ileptilcs w'hleli have the surface of their abode babitually 
in contact with air or water have the epldenn hard and tliick, 
whilst those living in ooze or mud have it soft and thin. In the 
sea the horny scutes may be partially loosened, and grow over 
one another: in the air they condense upon the surface with the 
•margins in contact : in the mud the skin is lubricous: the only 
known scaleless species of marine habits {Sp/mryis coriacea') has 
tbc tegument tough and leathery. In the most vagrant and widely 
difl\ised Turtle (Chdone imhricat(7) the separation of the scales 
takes place at a part of their circninference, which makes tlie 
direction of imbrication the most favourable to their aquatic 
movements, (irowdng and projecting from before backward, the 
one in front overlapping the next behind, the ])olished shields 
offer no resistance to the foiwvartl movement impressed upon the 
body by the oar-shaped limbs; whilst the sciital interspaces, 
widening as the trunk tends to recede during the preparation for 
the next stroke, oppose the backw.ard slipping, and take hold, so 
to speak, upon the wave, retaining the advantage of one stroke 
until the next is played. 

' As conjectured AgassiK, ccc. vol. i. pi. ii. p. 284 
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CHAPTER X. 

r. 

PECULIAR AND DUCTLESS (JI.ANDS. 

§ 101. Scmt-glands qf Reptiles. — The Clicloiiia, like most 
Reptiles, liave si'ent-glaiids, witli pei'iodical aeooss oi‘ activity, 
onabliiii^ aial exciting*, as it setans, tlio sexes to liml each other at 
the pairing season. In Toi'toises the gland, fig. o7M, r/, is situated 
beneath the skin of the inentuin; its duct, In a Testuilo indica 
ot two feet long, opens about au inch and a half behind tlie 
symphysis of the mandible, and aljout half an inch from the 

a7a 
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mesial line. In the Turtle the ghuiik cxereto at the base of the 
neck; in the Kinosternon a gland is situated near the fore and 
hind margins of the sidc-Avalls, uniting the carapace and plastron : 
the du®t perforates the bone, and opens by a fine slit in the wall. 

In the Crocodiha a small sinus is formed by an inward fold of 
integmpent near the inner side of the mandilnilar ranjus, into 
which sinus opens the dilated duct of a gland, which is surrounded 
by a muscle, detached from the back pait of the pharynx, and 
proceeding along the outer side of the ceratohyal to expand uj)on 
the gland and reservoir.' Cmvier’ describes its contents as being 
unctuou.s, of a dark grey colour, with a strong musky odour. 

' XX. vol. Hi. p. 272; prep. no. 2106. a xn. tom. V> p. 2.52 (1S0.5). 
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Tlie Oocodiles have glandular follicles, which open at the 
anus. Hunter i>reservod section of the shin of a Turtle 
{ Chelone\ to show a gland situated near its anus,’^ There is a 
glandular fossa which opens into tlie dorsal part of the cloaca, 
close to the termination of the rectum in most Jimydians. 

The anal hags in Scr))ents arc two in number, of an elongate; 
form, , fig. 357, ni: they are lodged in the base of the tail, and 
open into ,the back part of the cloaca : their excretion has a 
strdng, disagreeable, nauseating odour. 

§ 102. Poison-fflatids of Rfqdihs, — Tlic gland which secretes 
tlie ]>ois()n in ordinary venomous Serpents is situated on each side 
the head, anterior to the tympanic pedicle, inclosed in a strong 
capsule, fig. 145, ^/(p. 227), and partly 
covered l)y the muscle analogous to 
the inassetcr, ib. 6*, some of the fihj’es 
of whicli, fig. 374, «, are attached to 
the capsule, ib. h. On reflecting these, 
as in fig. 374, the gland, ib. c, is seen 
comjiosed of a series of elongated 
narrow lobes, extending f rom tiu; main 
duct at the lower border of the gdand 
upward and backward. Jijich lobe oImmi mt iiu, vi^or 

gives off a series of lobules, which are 

^ again subdivided into smaller ca3ca. llieir secr(;tiou is collected 
^nto the dilated beginning of the du<‘t which conveys it to the base 
ol‘ the [)oison-fang, /*; the bristle e [)asses from the duct into the 
|)oison-caiial of the fang, tlie structure of which is described, pp. 
3f)() 398 : the gum-eapsule, r/, of the reserve-! angs. 7, is laid open. 
In Jltfdrophls the poison-gland is of smaller size, narrow, elongate, 
broadest behind, and extended upon the maxillary and eeto- 
pterygoid bones, in advance of the masse ter : its capsule is 
attached to tlie tendinous tract (p. 228) detached from the 
diga.stri(‘us and cctopterygoid : Its duct enters the foremost of tlic 
series of four to six small fangs attached to the maxillary. I’he 
bite of these inferiorly endowed venomous Sea-Snakes lias proved 
latal : tliey arc sai<l to occasionally erunb along the hawser into 
siiips at finchor; iwid as they may be drawn in, adhering fo it by 
their prehensile tail, or be caugbt hi the fishing-net and hauled 
(411 board, it is well that their dangerous jiroperty should be 
known. 

The secretion o!’ the poison-gland is a tasteless fluid, drying 
under exposure to air into small scales: it is soluble in- water, 

r S ^ XX. vol. iii. p. 270, i>rep. no. 2130. 
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insoluble in alcohol, and slightly reddens litmus paper: it long 
retains its noxious property. Against this the mucous surface of 
the alimentary tract is proof: the poison, to take effect, must 
enter the current of the blood. Here it is ordinarily introduced 
by the piUKJture of the poison-fang, but it takes effect by applica- 
tion to an abraded surface. The poison affects the nervous 
system ; death is usually preceded by spasmodic convulsion^, and 
followed by speedy putrefaction. 

§ 103. The Thi/roul Bodt/ or Gland of Ucp.inatoerya , — In 'the 
vSkate (Raia) the body which seems to have best claim to l)e 
regarded as a thyroid is situated sternad 
of the terminal division of the branchial 
artery, of a reddish-grey colour and con- 
glomerate exterior. It consists of nume- 
rous, mostly subspherical, vesicles, of from 
fY h) yI inch diameter, fig. 375, having 
a structureless tunic, A, lined by a thick 
stratum of epithelial substance, consist- 
ing of nuclei and granular matter, n. Dr. 
llandfield tJones, who has given the above 
result of microscopical investigation of this 
ductless gland, also found, in the Skate, 

‘ at some distanee behind it, just at the 
:roin ttiyn.ifi of skato. junctioii of the hranchial arches anteriorly, 

a small light reddish mass, which was* 
covered by a thin fascia, and by mucous membrane,’* It consisted 
‘ of vesicles about j to yIo bieh diameter,' fig. 376, ‘ formed 

by a structureless “ limitary ” 
tunic, thickly lined hy epithelia) 
substance, and containing abund- 
ance of nuclei and granular matter, 
with a few cells. The pscudo- 
branehia, situated on the anterior 
wall of the spiraoular canal, is 
manifestly of entirely different 
structui'e to the organs describe<l. 
It consists of siivill pi icai of mucous 
membrane, (iovered by a kind of 
])avemcnt epithelium.’ ^ « 

In the Menobranchus tlie thyroid is represented by two 
symmetrical bodies, situated at the sides of the basibranchials. 

‘ CCLXXXIX. p. n 10. * Ib., and see cxlv. p. 270, with reference to the non- 
thyroid nature of the pseudo- branchise in other fishes. V 
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In the Frog they He on the carotids, also close to the basi- 
branchials, or tliyroliyals. 

In a Python of ten feet in length the thyroid was an oval body, 
ten lines l)y six lines in tlie two diameters, lodged in the fork 
made by the divergeuee of the large and small carotids, and 
having the siiiairer ihyinns bodies, ^one on each side. 

Ia*tlic true Lizards {^Laverta') the thyroid is single, but broader 
than it is hnig ; In the Monitor it is double : it is single in Geckos, 
Skincs, and Chameleons, but has a more advanced position in the 
latter, where it is underlapped, or covered, by the laryngeal pouch. 

In Ch(doni(i the thyroid, as in Serpents, lies betw^een the two 
carotids, but is usually covered by the pericardial part of the 
thymus. ''Lhc constituent vesicles are from to inch diameter, 
closely aggregated : the epithelial lining contains a row of nuclei 
imbedded in the granular substance, fig. 

27S. Among the contents of the vesicles 377 

were found, in mcjst, ^ one to three yellow- 
ish, coarsely granular globules, to 
ToVo' diameter.’ ‘ A fine large octo- 
hcdral crystal was also seen in one of the 
cavities.’* 

§ 104. The Thymus Body or Gland of Jleptiles, — The ductless 
gland-like tubulo-vesicular body to which the name ‘thymus’ 
can, with any homological pro))abiIity, be given makes its first 
ap])earance in the V^ertebrate series with the establishment of 
lungs as the main oi* exclusive res|)iratory organ.^ Thus in Sh'en 
and Proteus the thymus is wuxnting, as in all Fishes; in tailed 
Batrachia (^Merwpoma, Triton) it is represented by a pair of 
bodies situated, one oji each side, near the origin of the pulmonary 
artery. They make theij* appearance near tlie same part, but 
rather more In advance of the pericardium, in the larvie of 
anourous Batrachia, and often degenerate into fat in the old Frog 
or Toad. In most Ojdiidia. the thymus lies on each side of the 
carotid, of elongate foiin and unequal size ; somelimcs in two or 
more distinct parts : usually associated with, and concealed by, 
fatty m^itter. In a Python of ten feet in length I found the 
thymus in two bodies, each about the size of a pea, of a yellowish 
Ctjlour, one situated on the termination of the right jugular, the 
^)ther between the origin of the larger carotid and the left Jugular. 
Between the thymus bodies was the muc.h larger single thyroid. 
In the Psammosaui* and Iguana the thymus is broad and flat, 
covers stcrnally the thyroid, extends along tlie common trunk of 

* coi.xxij^ p. UOO. * cxyiij. 
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tlic carotlcls, and divides to accompany them a short distance. In 
the young Crocodile^ the thymus is relatively larger, thicker, 
subtrihedral, extending backward upon the pericardium, as well 
as forward along the carotJ<ls to the basis eranii. In young 
Chdonia an elongate body, of a yellowish wliite colour, lies 
between the carotid and axillary trunks on each side : it presents 
lateral cavities, defined by limitary membrane, and containing 
nuGlei, oil-drops, and fine molecular matter. lu older iVielonia it 
seems to degenerate into fat. 

§ 105. ReprodtieihJe Parts in Ihvmatocrya. — One effect of life 
is the reju'odiictioii of the parts of the body as tliey pass away 
through unfitness for the required actions : this mainly takes 
place inolecularly and invisibly ; hut ])arts of the integumeut, hairs, 
teeth, antlers, may he cast oti c// massf\ and reproduced on a scale 
whi(!h catches the ordinary attention as a new growth. Certain 
animals have the faculty of reproducing organs and compound 
pai’ts of the body which may have been removed l)y violence : 
amongst Vertebrates the property is greatest in the cold-blooded 
series ; and here, so far as experiment yet shows, is most conspi- 
cuous in the tailed species and larva) of the l)atrachian order. In 
the Xewt ( 7V/An/) the tail, amputated at any distance from the 
base, is reproduced: the same with respect to the f(»*c-limb and 
hind-limi), the rejjrodiu'cd member having the digits, but with 
diminished power of movement. The same member has been, in 
young Newts, removed and restored four times successively. In 
the experiments recorded l)y Boiuiet,^ it was found that warmth 
promoted, and cold retarded, the regeneration of the? part. An 
eyeball of a Newt was extirpated, and, in the course of a year, it 
was restored with the usual organisation. Duiueril cut off about 
three-fourths of the head of a Tritun marrnoratus, and dej)osited 
the animal at the bottom of a large vessel, having lialf an inch 
dejith of water, which was constantly renewed. 'I'hc Newt con- 
tinued to live, and to move slowly. The nostrils, the tongue, the 
eyes, and the ears were gone, and tlie scusCkS reduced to that of 
touch. It crept slowly, and Dumeril imagines CMutiously, about, 
occasionally raising the neck to the surlace, as i(‘ to breathy. The 
process of cicatrisation at length completely closed the aperture of 
respiration and deglutition; and so it survived for three niontfe 
after the oj)eration, when it died from accidental neglect. This ' 
experiment cxem[)lifics chiefly the i)Owcr of endurance of mutila- 
tion, am I, collaterally, the respiratory function of the skin. In 

* I have not had an opportunity of examining this structinc in V full-grown speci- 
men of Crocodilian. * cccj. tom, xi. pp.,f> 2 - 17 ‘>. 
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the young larvin of liana tcmiwraria and Bomhhwtor if/nens, Dr. 
CJuiithor cut off* the tail, and it was reproduced helore the time 
when its absorption normally commences : it was transparent and 
C(tlour]ess, a small ([uaiitity of pigment being deposited at its root 
only. ‘ Larvic from f(uirtecn to twenty days old did not survive 
the loss of the ent ila'. tail, probably J3ecause they are disabled from 
obtaming the retjuisite (‘ood ; but if only a portion of the tall be 
(mt off, it* is more or less completely reproduced until its growth 
is arrested l)y the cominencement of the last stage of metamor- 
phosis. If a hind limb be cut off when tlie larva is about two 
lines long it is reproduced. No part of an Anourous Batrachian 
is reprodu(‘il>le after (‘om])letion of the metamorphosis, not even 
the iuLordigital vveb.’^ 

In lleptUia the power of lo(‘.al reproduction has l)een exemplified 
chiefly in rcs])cct of the tails of Lizards. IJiintorV |)repa rations, 
nos. 2208 2223, are all from this order, and include species of 
Ameira^ G^'cho, and true J^acerNt, No instance of tlio restored 
tail sli<.»ws ossilied vert cl)ra\, and some exemplify the tendency to 
greater abnoriuallty in th<^ reproduced part. A structure of the 
normal eamlal vertebra), related apparently to this projierty, is 
uotieed at p. 59 : the caudal muscles, by their proportions and 
interlocking arrangement, seem likewise to favour the ruj)ture of 
the tail. When it is cast off, it. continues to writhe for some 
time, and, when these motions havcj ceased, exemjdilies the reflex 
function on being juvicked or otherwise irritated. 

The degree in which the reproduction of ])arts is exemjdificd 
in Fishes awaits the results of experiments. Van der TToeven^ 
affii-ms that parts of the fins arc restored after aminitation, and 
that the power is limited to this extent. Amputation of the 
small adiiiose dorsal fin has, however, served to mark an individual 
Salmon from its ^ ])arr ’ state to that of the ^ grilse ; and it appears 
that only the iicriplioral (dennoiieiiral or dermoluumal) rays arc 
reproducible, and to this the hard onCvS in Acantho])terans foian 
an exci||^)n. ‘ The modified dermoneiirals forming the cephalic 
tentacles of Lopidus and Antennnritfs are as fre([iiently repro- 
duced ;is they are injured, to meet the })artienhir use which these 
angling fishes ihake of them; they may be observed *in every 
Stage of growth. Lost parts of fins appear to be more easily 
reproduced in young than in old fishes.''* 

* MS. Notes by Dr. A. Guntlicr, ^ vol. ii. p. 52. ^ 

^ cccxxxiv. * wound caused by marking was covered with skin, and in some 
a coating of scale# had formed part.’ Page ^ MS. Notes by Dr. A. Gunther. 
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(CHAPTER XI. 

GENERATIVE SYSTEM OF lEEMATOCRYA. 

§ 106. Male Orrians of Fishes.— K\\ Fishes are clioccioiis, or of 
distinct sex. The male parts of generation present a progressive 
gradation of comidexity from the essential gland, or testis, as a 
single organ distingnishable only by microscopic examination of 
its contents from an ovarium, to a more definite and concentrated 
form of testis with com[)lete blpartition ; then to the developement 
of a proper duct or ^ vas deferens,’ next of a vesicula scminalis 
and prostate, alVerwards of an intromittent organ, and finally 
superadded ^ claspers,’ or mechanical instruments for retention 
of the female in coitu. In Fetromyzon marirms the testi^s is a 
long thin plate, disposed in the form of a series of folds, closely 
attached by a duplicature of the ])eritorieum to the median line of 
the back of the abdomen, between the kidneys ; the extension of 
the overlapping oblique folds to the right and left of the line of 
attachment feebly indicates the duplex character of the gland.’ 
Its tissue consists of small spherical cells filled with spermatozoa, 
fig. 402. These escape, by dehiscence of the cells and ru])tiirc 
of the peritoneal covering, into the abdominal cavity, and arc 
ex|)ellcd by reciprocal pressure of the ijitertwined sexes from the 
peritoneal outlets at the cloaca. The Eel closely rescmhles the 
Lamprey in the general form and condition of tlic male organs ; 
but the right and left sides of the plicated testis are more distinct, 
and the spermatic cells are more numerous and minute. 

The Sand-Eel (Ammodytes)- lias a single testis, compac.ted into 
an elongated tried ral form, «and impressed by a median longitudinal 
fissure; it usually inclines a little to the right vsidc. In the Perch 
the single testis inclines to the left: in the Blenny and the, Loach 
it lies in* the middle line. In these osseous fishers the glandular 
part of the testis is inclosed in a jiroper fibrous capsule, which ig 
continued from the posterior end of the gland, with its serous 
covering, into a short and simple sperm-duct, or ^ vas deferens, 
which ojiens usually into, or receives, the urethral prolongation 
of the urinary bladder. In the Gurnard the testes, fig. 378, a. 

' XX. vol. iv. p. 48, prep. no. 2:i7a. ^ p. 411, prep. no. 2378. 
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are distinct from each other, l)ut their ^vasa defcreritia’ almost 
iimnediatcly unite into a coiurnon duct, e, which joins the urethra, 
r, behind the rcctinn, A, and terminates at the 
outlet, (j. In the Salinoh and the Herring tlie 
^ vasa deferentia ’ do not unite together until 
near tlieir termination in the urethpi. In the 
Cod And the liull-head (Cotfus) the (•ommon 
portion ofHhe efferent duct is iniicli dilated : 
it forms a saccular seminal reservoir in the 
Sole. The canal common to the ureter and 
vas deferens is of great length in the Sturgeon : 
a valve prevents the regurgitation of the urine 
into the spermatic duct. The urethra is usually 
produ(;cd into a papilla, which projects con- 
spicuously from the back part of the cloaca in 
the viviparous l^mcilia, Anableps, and Idenny: 
it is large also in the Lump-fish. The testes are almost 
entirely oxtra-alidominal in the Flounder and some other Pirn- 
ronecfklce, extending backward into a kind of concealed scrotum 
, between the integuments 
and muscles on each side '■ 

above the anal fin. The 
testes diffei* much in form 
in different Osseous Fishes, 
but are remarkable in all 
for their enormous seasonal 
increase: when fully deve- 
loped, they are commonly 
known as the ‘ milt ’ or ^ soft 
roe.’ In Gymnotus they arc 
two oblong trledral bodies, 
attenuated at both ends. 

In the Pipe-fishes (%//- 
ynaihi) they present the form 
of two simple elongated 
straight tubes, fig. 427 , 

//a,' In the Lump-fishes 
(^Cycloptm) they are di- 
vided by incisions int-o 
lobes: in the Cod a vast 
extent of the vascular sur- 
face of the glandular substance is packed into a small com- 

* XX. Tol. iv. p. 48, prep. no. 2375. 
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pass, by being disposed in convolutions upon the edge of ilie 
‘ mesorchiiini.’ The primitive spermatic cells, Avhicli are per* 
sistent in the Cvclostoines, liavc coalesced into tulies (tiibiili 
seminiferi) in Osseous Fishes; the tubes open atone end in the 
wide and sometimes saccular commencement of the vas deferens, 
and terminate at tlic other, either by ]>lind free exti*emitics or 
l)y reticulate anastomoses.' In the Herring, *Shad, 
;jso^ and other Clupeoids, the secerning tubes rainify . 
/, and auastomose In (he substance of the testicle, 
and from this plexus, fig. 379, the initial circa 
AJ-Vfj are jirolonged to the siudkco of the gland, Avhere 
/ their obtuse blind ends give a granulated appear- 
/ ’ iti exterior. 

/ Plagiostfimes tlie testes, figs. 3o2, k, 

I arc always distinct from one another, and 

/ 11^ I iisnalJy of a cireinnscrlbed compact form, situated 
i V V' forward in the abdominal cavity, 'fhey liave 
l a proper capsule, or Munlca albuginea,’ and a 

I ‘ f/' 'i peritoneal covering; t!ie ca]>side simds many ‘ s(^pta’ 
f i into the siil.>stance of tlie gland, and the lobes thus 

h>nne<l consist chiotly of the tubuli testis, and 
j theli* expanded cell-fike oxtremiti(‘s, filled with * 
i the spermatozoa: the convolutions ol* the ^tubuli ' 

, \ ‘ v] are j>laiuly discernible in the portion of the testis 

j t of tlie Basking Shark {Sdarh:- niftxjnia ) preserv(.‘d i 
bi the Hunterian ^Iiiscum, Tjornlon, |)rc}). no. 
2390, A.^ Numerous ‘ vasa eiferentia’ convey 
the ^semen ’ to the beginning of the ‘ vas deferens,’^ wliicli forms 
a large ‘ ejiididyinis,’ lig. 380, />, by its manifold convolutions. 
These gradually decrease as the duct, ib. c, appn^acJies tlie cloaca, 
when it becomes straight, and expands into an clongatiid reservoir, 
il). J\ the mucous surface of which is commonly increased by 
numerous transverse plicae, as in Spinax and Sdavhc. Behind 
the termination of the rectum the ^vasa defereutia’ suddeulv 






diminish, approximate, cc^mmunicate with the ureters, and ter- 
minate ujion the cloaca! penis, fig. 352, o. This is hardly ^visible, 
and the testes are very small, except at the brdeding season, in 
the Piked Dog-fish {Spinax ), ^ 

The (daspers arc present in the Chimau’oid Fishes as well as In 
the nagiostomes. They project backward, as appendages to the 
bases of the anal fins, and are sometimes bent Inward at their 
free extremities, ’figs. 352, rj, 380, w/. Near this part may be 

* exxn. j). 105. ^ XX. vol. iv. p. '' cxxxiv. 



FEMALE OUGANS OF FISTIES. 


discerned a fissure, wliich is the outlet of a blind sac, extending 
forward from tlie I)a8e of tlie c]as|>er, beneath the imisoles and 
skin, at the sides of tiie cloaca. The inner surlace of the cavity 
is smooth, and lubritaited l)y a fluid nimms: the attached vascular 
surface is richly sujjjflied with v(*ssels, especially wilh veins: in 
the Ivays a glandular body adds its secrOlion to that of the smtace 
of thic (javity. 

. § 107. *Femnle Orfjans of Fishes, gradations of structure 

of tlie female organs correspond very elostdy 
with those of the male. In the young Lam- 
prey the ovarium is a simple hmgitudinal mem- . | 
branous plate, lig. .‘^81, c, suspended by a fold \\ f* 
of the ])crit(mcum nnesoariiim) along the under ■ 
part of the vertebral column : it increases in i ' 
l)readth and thickness as the ova are deveioj)ed W 

in it, and still more so in length, being ac(a)m- 4 

modated to its locaHty by numerous folds, fig. ; \ /, 

.'182. But no superadditions are made to this 
primitive structure: the ova, d, escape l>y 
rupture of their cnp>sules into the abdomen, />, 
and are excluded by the peritoneal aperture, 
ib. /. In all other FIslies in which vasa 
deferentia are absent in the nude, oviducts are 'ifjiiK- 

absent in the female. But it does not always 
* ImpjKm, where vasa dcl’erentia are developed in the male, that 
the homotyj)al ducts exist in the female: the Salmon is an 
examph^ in wdneh the ova are discharged by dehiscence into the 
abdominal cavity, and escajio 
by [leritoneal outlets, as in 
the Eel and Lamprey. 

With this exception, the 
parallelism of the male and 
lemale organs is very close. 

Thus the ovarium is single 
in tliose bony Fishes, as the 
Perch,, the Blonny, the 
Loach, and the *Ammodytc,‘ 
in which the testis is single: 

•the median cleft of the ovary „„„ 

of the, Ammodyte is deeper 

than that of the testis, but the continuity of the two seomingly 
distinct glandg is obvious at the upper and lower ends. In 

* ‘ XX. vo^ iv. p. 133. prep, no. 2675, a. 
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most Osseous Fishes the ovaria, fig. 383, A, form two elongated 
sacs of mucous membrane, with a thin fibrous tunic and a perito- 


neal covering, closed anteriorly 
short, straight, and commonly 
the anus, and commonly before 


im 



but produced posteriorly into a 
wide oviduct, terminating behind 
? the urethra, fig. 281, i. In the 
Pipe-fislies tlie oviducts con- 
tinue distinct to the cioaca. 
In most Fislies the ovidiictsw 
coalesce, after a brief course, 
as in the Herring, or after a 
longer course, into a single 
tube l)ei*ore aiTiving at the 
cloaca : the commoTi terminal 
})orti()n becomes much dilated 
ill tlie (h)d-fish, the Lump-fish, 
and some others. The ^ stroma,’ 
or cellular tissue, which Is the 
seat of develojiement of the 
ova, is interposed between the 
mucous and fibrous tunics of 
the ovarian sac: it sometimes, 
though rarely, is coextensive 
with the mucous membrane. 
In the Lophim the two ovaria 
are long and large plicated 
tubes, fiat toned wdien empty, 
cylindrical wben inflated, with 


Ovaritis and oviduct of nn Osseous the o vigorous stroma lining, as 

it were, only the ventral half 
of the walls of the cylinder, and terminating wlicrc the oviducal 
portions of each sac unite together to form the common short 
efferent canal. The inner surface of the ^ stroma ’ is beset with 


small tubercles, arranged in interrupted linear series, each tubercle 
sujiporting four or five papilliform ovisacs. In the Pike the stroma 
forms a longitudinal strip, in short trunsvei’se plaits, along the 
median side of the long ovarian sacs : fig. 383, b, shows two of the 
ovarian plaits, from which the devclojjcd ova ha' .^in subpedun- 
culate ovisacs. In the AVolf-fish the ;|H'oma extends over the 
whole of the internal surface of the ovuvy, into the cavity of 
which it projects in the form of junnerous oval compressed 
processes. In general, its superficies is extended by being plaited 
into numerous folds, wbieh are transverse in the Cod and Salmon, 
oblique in the Mackerel, and longitudinal in some other Fishes. 
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III the Salmon the free surface of the stroma is exposed. In the 
Osseous Fislies that retain and hatch their ova the stroma does 
not extend to tlie posterior part of the ovarian sac, but this 



^ V isfi'ra o [ female Shark . xx . 


serves as a kind of uterus, and contains an abundant albuminous 
secretion at t^e season of the internal inculiation. The viviparous 
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Blenny (Zoarces)^ the Atjablcps, th€ and Einbiotoca* 

are examples of ovo-viviparous Osseous Fishes, and at tlie same 
time manifest iiatiirally, what occurs as a rare adnormality in 
liighcr Vertet)ra.t(‘s, viz. ovarian gestation. In the Plaice and 
otlier Pleiironectuhe the j)arallelism between tlie male and female 
organs is so close that the ovaria also escape from the abdomen, 
and be(.*ome lodged In greater or less pi*oportio]i in subcutaneous 
scrotal cavities above the basis of the anal fin.‘‘^ 

In the Lamprey the short and narrow lateral infundibtilifo'rm* 
j)assages behind the rectum, into which the ureters o)>cn, and 
which terminate in the peritoneal outlets, fig. 381, c, /, have been 
compared to short oviducts. In tlie Hturgeon actual oviducts 
arc continued fi*om the uret(n.*s forward, whiih oiien liy wide 
infiiiKlihular apertures, comparable to tlie ^ mors us diai)oli ' of 
anthropotomy, into the general peritoneal cavity, and receive the 
ripe ova as they Inirst (ivan tlie ovarium. Tlie urine is prevented 
from I’cgurgitation into the serous cavity through the same 
[lassage by a valve Avliich only allows the ])assage of the ova 
baelvward into the eommon urogenital duct. 

The higlier grade of the sexual (organisation of the female 
IMagiostome, as eompared with the cartilaginous (Jajiuid fish, is 
manifested chioHy loy mo(Iifi<iation of the oviducts: they an^ 
always two in numher, lig. 384, y, r, and distinct from one end 
to tlie other, hut they are brought into close proximity, or 
coalesce at both ends : they are always <listin(‘t from tlie ureters, 
which teiniinatc on the prominent urethral clitoris, ib. /, between 
the oviducal outlets, ib, .v, s. Different parts of the oviducts arc 
modified, moreover, for Sfiecial functions, .su])craddi;(l to that of* 
effecting ilio safe ti’ansit of* the generative product. The ovaria 
of IMagiustomcs, fig. 384, are relatively mucli smaller than in 
otlier Fishes, of a more compact form, :iud confined to tlie fore 
part of the abdominal cavity ; they are sometimes blended into a, 
single l>o(ly. The stroma is not sjircad over the walls of a cavity, 
but is collected into a loose cellular mass, circumscrilicd by a 
fibrous membrane, and suspended by a duplicature of peritoneum 
to the dorsal |)arictes of the abdomen, at the sides of the 
(csojihagus. The ova arc much fewer in numl^cr than Vii the 
‘roe’ of* Osseous Fishes, and are seen in different stages ol 
growth, being develojicd more consecutively. Tlie ap[>roximate 
or confluent abdominal apertures of the ovidu^;t, ib, «y, are anterior 
to the ovarium, between the liver and the pericardial sejitum; 
they forn\ together a licart-shapcd opening, with entire margins, 

- XLiii. V. pK 4, Hffi 1. 
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attached hy two divergiug* ligaments to the alxlominal walls. If 
a little powdered charcoal be sprinkled on the ovarian orifices and 
ligaments exposed by opening the abdomen in a fr(‘sh caught 
female Dog-fish, the jjarticles will be seen to move towards and 
enter the common oviducal aperture, Indicative of a ciliated 
0 [>itlielium in the serous incrnhrane, wliicli may aid in the 
transport of the ova to that aperture. The oviducts, narrow, 
and with thin tunics at their commencement, diverge from each 
other, arching over the fore part of the ovarla, and then descend 
along the ventral surface of the kidneys, to tei’ininate at the 
lateral ami posterior jairts of the cloaca,, ib. s. A glandular body, 
il). n, is developed in their coats, after the first, fifth, or sixth ])art 
of their extent, and their terminal half or third part, ib. /*, is 
dilated; the sixes of the glandular and ol* the uterine j)arts of 
the oviduct arc usually In inverse ])ro})ortlon : in the oviparoms 
Plagiostorncs tlie gland is large, tln> uterus small, and the reverse 
obtains in the vivij)arous si)ecies, fig. J184, The inner surface of 
the Fallopian portion of the oviduct |)rcsi.n»ts longitudinal or very 
oblique folds of the delicate mucous membrane: but near the 
aperture the folds resolve themselves into minute com|)ressed villi. 
The glandular part varies in structure as well as in size in different 
spec’ies. In the viviparous Dog-fish (Sjrhnix (tmntbiaa) it consists 
of two ellii)tic flattened lobes, of laminated structure, the free 
surface presenting minute transverse stria% beset with pores, tin; 
orifices of s(‘ceriiing tubes, the aggregate i»f whlcli composes the 
la.yer of glandular substance. In the oviparous Homelyn {Rala 
macuUrta) the lobes of the large rudimenial glands are reniform, 
and consist of (dose-set layers of secerning tulx'S. In the d.\»pe 
{Cnkus) tlic lobes (^f the gland present iho same essential 
structure, but are conical, sui)spiral, ajid hollow. The uterine 
part of the oviduct in the viviparous Dog-fish, fig. 384, r, has 
the lining membrane produced into longitudinal folds, with wavy 
margirrs, each of which contains a single vessel following its 
sinuosities, and sending otf branches to tlie |)arietes of the 
oviduct: the folds gradually subside at the outlet of the ovidm^t. 
In the ovi])arous Dog-fish the folds of the lining 

meinhifine of thp corresponding part of the oviduct nre^ oblique, 
and their vessels are derived from trunks in the walls of the 
• oviduct, and are dlstril)uted in minute and tortuous ramifi- 
cations on the fold^.^ The uterus of the Smooth Dog-fish 
{ RcoUodon^ M. ; Rmlssole lissc^ Cuv.) sliows several uterine 


’ XX. vol. iv. p. irU). 
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cotyledons developed from the internal surface of the dilated part 
of the oviduct: corresponding fcetal cotyledons arc developed 
from the vitellicle of the embryo. 

Thus the various forms of the generative organs of Fishes 
resolve themselves into four well-marked grades of complexity. 
First, the essential gland, testis or ovarium, without excretory 
canal. Second, the same, with a simi>le duct, continuous with 
testis or ovarium. Tliird, a partial oviduct, not continuous witli 
the ovarium, and not separated from the ureter. Fourth, testfe 
or ovarium, of a more compact form, each with a long and 
complex duct, distinct from the ureter ; the bcjginning of the 
vas deferens convoluted into an epididymis, and its end dilated 
into a seminal reservoir, with a plicated glandular ini»er surface; 
the oviduct not continuous with the ovarium, but with a nida- 
mental gland near its commencement, and dilating into a 
receptacle, with a plicated surface, at its terminal half, llesides 
the ‘ claspors ’ of the Plagiostomcs, tliere are other accessory 
organs of generation, viz. the sid)caudal marsupial tegumentary 
folds in the male of some species of Si/nf/nathi(s, fig. 427, c,’ and 
the subabdominal marsii)>lal pouch in the male Hippo(*amps.‘^ 

§ 108. Male Orf/ans of B((traehfaas.---T\ic^Q consistof testes, their 
ducts and ai)])endages, the seminal reservoir, and (he common ex- 
cretory canal ajul terminal pajalla: there is no iniromittent organ. 

The testes, though in sonic Batrachia subdivirled, resemble in 
their relative size and compactness of form and tissue those of the 
Plagiostomcs. In the Proteus ant/vhius the testis is long, cylin- 
drical, with obtuse ends, slightly fissured lengthwise by the 
insertion of the suspensory ligament: they sometimes show in- 
ecpiality of size, and the right is usually aliout three vertehrie 
in advance t»f the left. In Avrphiuma, the testis is suhcyliii- 
drical, and tapers at l)oth extremities: adipose appendages jiroject 
from their free or ventral surfa(*e. In the Axolotl the ‘ mesor- 
chium,’ or susjiensory duplicaturc of peritoneum, is broader, and 
permits the vessels and ducts to be readily seen as tliey travin’se 
it trails vei'scly. The adipose appendages arc branched In the 
Menojjome the testes are rather broader than in the Amjihiumc, 
approaching the oval shape. This is likewise the with 

one or both testes of the great Japan Newt {Sicboldtia or 
CryjAobranchns'), which arc suspended by a broad mesorchium 
on each side of the aorta and narrow remnants of tlie Wolffian 
bodies, between the ends of the lungs and the beginnings of the 
kidneys. ^ 

' XX. vol. V. p. 67, preps, nos. .3226-3228. 


* lb. p. 68, preps, ifps. 3230 and 3231. 
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In most Newts the testis is divided into two lobes, fig. 387, 
one, usually the larger, in advance of the other: I have observed 
three detached lolies or testes on each side. In the Salamander 
there may be one or two smaller lobes or accessory testes, besides 
the two chief divisions of the gland.^ 

In tailless Batrachians the testes, in accordance witli tlie shape 
of tliQ body, present a full oval form, compaid ajid undivided : they 
are situated, as shown in the Frog, fig. 385, /i /*, on the ventral 
side of the anterior half of the hidiniys, //, //, having an entire 
investment of peritoncurn, often deeply or lirightly colour(‘d hy 
pigmental colls, whicli forms a broad and short mesoreliimn, 
suspending them to tlie renal glands and supporting the blood- 
vessels and efferent ducts, rrocesscs of peritoneum, filled with 
fat, lb. /, /, diverge from tlie fore part of botli bodies. 

In all Balracbians the testis consists of seminiferous cseca, more 
elongated than the sperm-follicles (»f Fishes, shorter and straighter 
than in higher Reptiles, having their blind ends next tlie caiisule. 
This consists of a fibrous or ‘ al- 
bugineous ’ tunic, licneath the 


serous one ; both liave been re- 
moved to show the tulnili testis 
ill Swanimerdain’s accurate figure, 
fig. 38(). The semen is conveyed 
hy short transverse efferent duets, 
/?, to a common longitudinal canal, 
/. In the MeTio])ome about ten 
vasa efferciitia quit the elong- 
ated tejstes and enter tlie common 
canal, which extends along the an- 
terior three-fourths of tlie kidney, 
and at Its fore-cml is connected 
with tlie ligamentous remnant of 
the duct of the Wolffian body : it 
is tliencc reflected back along the 
outer border of the kidney, rccciv- 
in<T ill its course toward the cloaca 
the ureters, wliich arc short 



tuansverse or oblique tubes, from ten to twenty in unniber : the 
•urino-seminal canal, supported by a narrow fold of [jcritoneiim, 
forms a few slight bends, and gradually expands as it approaches its 
termination at the liack part of the cloaca. In Siehohlia maxima 
the longitudinal canal which receives the short efferent ducts is 

* ^ XX. vol. iv. p. 53. 
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continued forward to the Wolffian ligament, far in advance of 
the testes, contracting to a point : in its backward course, between 
the testis and remnant of the Wolffian 
gland, it receives a few sliort transverse 
ducts therefrom, which come from small 
masses of convoluted tubes, still pervious 
to mercurial injection in the male dissected 

I) V Dr. J. Van der Iloevcu: continuing its 
descent, the longitudinal duct gradually 
expands, descrlbhig convolutions, and re- 
ceiving ill its course along the outer side 
of the kidneys the (excretory ducts, tAvo or 
three ill numher, of those glands. Each 
urino-scmiual canal expands into a simple 

oblong reservoir, with thickened glandular coats, at the ter- 
mination of the rc('tum, and communicates with the cloaca 
by a pai>illifbi’m orifice, a little in advance of the blind end of 
the reservoir. 'flie slender elongated 
remnants of the Wi^Hfiaii glands are direct 
continuations trom the fore part of the 
kidneys. 

In the Newt ( Triton tainiatna) from four 
to five effenmt tulics, fig. .‘hS7, c, r, quit 
each of the two chief divisions of the testis, 

II) . c/, aiid terminate in the common longi- 
tudinal canal, ib. r/, which extends Ibrward 
to the Wolffian ligament, and backward to 
the anterior end of the kidney, ib. e : in this 
course it scuds otf about tea short trans- 
verse branches, which, after dilating and 
convoluting, ib. /, severally terminate in 
the beginning and fore part of tlic urino- 
seminai canal, il). /. The small dilatation 
and larger mass of convolutions on each of 
the transverse branches of the longitudinal 
duct arc retentions of modified parts of the 
Wolffian or primordial urogenital gland. The 

Mfiir orK'ins, Nnwt. mum urino-scmiual duct, f, forms many close 

Itrnkifus. rrr\.\ii. .t-i • . i i 

coils, like an epididymis, as it a|)proaches' 
the kidney : it receives directly one or two uriniferous tubes, ib. /, 
and communicates, near its termination, with the orifices of a 
series of modified ureters, ib. y, which receive the rest ol 
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the urine as well as the semen. Each uriniferous duct dilates 
into a long reservoir, describing a curve external to the hidney^ 
the first or anterior being the longest, the rest succcssi\ ely shorter : 
tl)ey are connected together, eight to ten in ninnl)er, so as to 
form, in appearance, a flattened semi-oval ^ vesicula setninalis,’ and 
terminate by a sliort wide canal, Ib. r/z, common to them and the 
vas^d'ifcrens, in the back part of the cloaca. 

In the Erog about six transverse efferent ducts, fig. 385, A, 
enter the longitudinal one, //, extending along the inner (mesial) 
side of tlic kidney, wliich is refleeted round the fore end of that 
gland to form the beginning of the nrino-seininal canal, ib. /, 
wbich courses along tlic outer (lateral) side of tbe kidney. This 
canal docs not dosenb(' convolutions: it erdarges as it progressively 
receives the ureters, and suddenly expands lieyfuid the kidney 
into a semi-oval ‘ vcsleiila scmiiialis,’ ib. A, the outer halt of which 
has folliculo-glandular walls, the inner half being smooth and 
with the character of a reservoir. A sliort duct conveys the 
contents of tlic vesi<de to the back of tbe cloaca, lb. h\ at the 
lore part is the orifice, r;, of the allantoid bladder, e. 

No Batrachian lias the intromittent oigau, or a vas deferen>s 
distinct from an nrcter: a stage in the substiliition of kidneys 
for Wolffian bodies is liereby obviously indicated. 

§ 101). Male Or(funs of — In the scaled K-optilcwS the 

conduits from tlie kidney and tlie 


testes are distinct to the cloaca, and 
terminate tlierc on se[)arate papilhe. 

The testes, tig. 389, h, are compara- 
tively small and comjiaet: they arc 
always abdominal, with a complete 
investment of peritoneum, fre- 
(piently coloured by pigment-cells. 

Tfiey liave a strong albngincal 
tunic, and consist of blind semini- 
ferous tubes, fig. 388, mucli longer 
and more slender than in Batra- 
chians, ,aiid packed up in close 
convolute folds, ifi ill-defined loculi 
of the gland. From these tubes a 
Variable number of efferent canals 

proceed, which are inclosed in a prolongation of the tunics of the 
testis for a brief course, and then unite into a vas defereuvS. 

In the Ophidia the testes, fig, 357, A, A, are of a more elongate 

^ P P 2 
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fg|m; than in other Reptiles. In the common harmless Snake 
(Voluber natrix) they are oblong, snbeompressed, in advance of the 
kidneys, the riglit about an inch more forward tlian the left, 
corresponding to the difference in the relative position of the 
kidneys. In the Rattlesnake the testes are more symmetrical 
in position. The vas deferens, disposed in short undulations, 
goes along the kidney to the cloaca, the ])a|)ilhe terminating rfcar 
the beginning of the urethral groove. The intromittent organs 
are two in number, and consist of invertible sheaths, or long 
narrow bags, with a highly vascular j)aj)illose lining membrane, 
bifurcate at tlieir blind end, to which are attached the muscles, 
fig. 3r57, /, for inverting and keeping thcln retracted and Ividden 
in the base of the tail. By tumefaction of the vascular portions 
of the bags, and the action of the ‘ constrictor basis caiuhe’ and 
‘ sphincter cloaca?,’ they are everted. In the Rattlesnake the 
blind end of each inverted pomrh bifurcates, and tlie vascular 
membrane is tlvickcned and produced into many processes near 
the bifurcation : wlien eversion with erectile tumefaction of the 
parts takes place, each penis presents a papillose and bifurcate 
glans, as in fig. 357, /o In Jilaphis qiKfxlrilhmtfMs the body of 
the penis presents large retroverted pajnlhe, and the glans is 
beset with small flattened wrinkled processes. 

In the Slow-worm (^AiKjiiis) tlie testes are situate*] a little 
anterior to the dilated rectum, the right in advance of tlie left ; 
the sperm-duct simulates a long eindidymis hy its initial convolu- 
tions or transverse folds. The intromittent organs arc invertible 
and evertible poiiclies, as in Serpents, but are sliortcr. 

In a Sciuc-lizard (^TUiqu(i) the right testis is more advanced 
ill position than the left. The body of the penial pouch, when 
everted, shows transverse rugje, and the snb-bifurcatc glans short 
retroverted pajiilhe. In Lacerta ocellatay as in Draco volmis^ 
fig. 389, the testes, h, show a similar degree of unsyrnmetrical 
position. The sperm-ducts form, by a series of sliort transverse 
folds, a long body or band, like an epididymis : but there is no 
structure properly so called consisting of the convolutions of 
several eftereut tubes prior to their union to form the vas 
deferens, ib. c. In the interspace of the orific?es of the ureters 
a ridge is continued backward, on each side of which is the orifice 
of the vas deferens, whence is continued the urethral groove* 
extending along the penial sheath to the papillose blind end or 
glans. 

The jperitoncal covering of the teste>s shows In some Lizanls 
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stellate pi^^ment-cclls : in the Chameleon they give a black colour 
to the gland. 

The short and outwardly extended legs of Ijlzards Kserve for 
]>rogression, not for support, and the animal rests witli its belly 
on the ground, as in Serpents : 
hence the necessity not only for 
th^ ipternal j)osition of the testes, 
but fin* tlie incchanisin l)y which 
The intromittcnt organs can be 
inverted, and safely lodged out 
of sight, in the base of the tail, 
wlien not in use. 

In the Turtle {Chelone mi- 
das^ each testis is an elongate, 
cylindrical, slightly bent body, 
dec ren sing in size at the end next 
the cloaca: tlie efferent tubes 
leave it near the fore or upper 
part of its concavity, and soon 
join the vas deferens, which 
forms a large and compact body 
by numerous convolutions, situ- 
ated between the testis and 
kidney. Each vas deferens ter- 
minates, with the ureter, in a 
papilla, the s[)ermatic orifice 
being nearer tlie bladder. The penis is short, and is indicated, 
in the unexcited state, (•hiefly by the urethral groove ; only the 
glans and the })ointed end of the fibrocartilaginous body imme- 
diately above it project from the cloacal siii*face, and these are 
partly enclosed by a thick duplicature of the cloacal membrane, 
representing apreputium: in tlie erection of the organ this fold 
is everted and obliterated. 

In the Emijs eurojmia the testes, fig. 390, and convoluted 
sperm-duct, ib. c, are separated from the kidneys, ib. o, by the 
peritoneum, which, after giving an entire investment to the testes, 
is simply reflected over the contiguous surface of tlicf kidney : 
4*111 artery, /, .s', runs between the two glands. The testis presents 
a full cilitdic figure : its peritoneal covering is usually stained 
with a dark pigment ; x is the spermatic artery, z the spcmiatlc 
vein. The sperm-duct opens, close to the ureter, upon a j>apilla, 
fig. 391, F, at the coinmenccincnt of the urethral groove, ib. G. 
The penis, in/ both freshwater and land Chelonia, is longer and 
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larger than in tlie marine species: It is siibcyliiidrical, with an 
expanded terminal glans, ih, i, usually ending in a point. The 



urethral groove, il>. G, 
extends along the mid- 
dle of the dorsal surtace, 
and becomes deei)er as 
It a|)proaches the glaifs : 
in erection tlie, tumefac- 
tion of its borders con- 
verts the groove into a 
temporary canal, and it 
then appears to end by 
an orifice, K, which is 
usually divided by a 
])apillary eminence. The 


^ |)enis consists of two ‘ corpora cavernosa,’ ib. ir, wliicli are firm 


fil)rous bodies, coliering mesially and attached to the ventral surface 


30 i 



fs f»f Ivniys euiO jm’fj. nxxvi 1 1 , 


of the cloata; and of two median 
tracts, fig. 392, 4, of a more vas- 
cular erectile tissue, forming the 
walls of the mediangroove , 5, and 
covered l)y a soft <y//^/.s*/-mucous 
mend)ranc. Each vascular tract 
commences by an eulargeincut, 
fig. 390, E, analogous to the />///- 
hufi nrethrw. The erectile tissue 
is continued forward, thinly at 
first, but aOerwards incn^aslng 
in thickness, to the glaiis, figs. 
39 1,1, and 392, wliich It chiefly 
constitutes. On each .side of 
the mid-line of tlie penis is a 
canal, fig. 392, /’ wdiich at one 
end comnmnicates with the 
cavity of the peritoneum, and 
by tlie other end is prolonged 
into the substance of the glaus, 
where it terminates, blindly or* 
by a kind of reticulate sinus.' 
The penis is provided with 
two retractors, fig. 391, 55 , 
fig. 392, 55 ', arising from the 


* XX. vol. iv. p. 62, prt'p. no. ^450, 
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ischium, and extended along the under (ventral) surface of the 

penis to the glans. This muscle folds up the penis in rcti'acting it 

within the cloaca, and at the same time closes thereby the orifice 

of the rectum, fig. 31)0, A,aud thatof the 

allantoic bladder, ib. M. Erection is fol- 

lowed by eversion of the cloaca, effected g 

bySts sphincter.’ The developcment ol’ 

the penis beai’s relation to the physical 

impediments to coitus, caused by shajav, 

extent, and completeness of the shell, and 

hy the medium in which the act takes 

place: thus the penis is least developed 

in the marine s})ecics, with a flattened 

carapaci^ and incomplete plastron. Tlic 

glans j)onis is trilobate in Trwujjx. 

In the Crocodile tlie testes are long(?r ,vvitou.:.]..v,.ni.of 
than in nu^lonia, and rather mor (3 in cur.'nx’'^. .vwmh. 

ad v ance of the kidneys. The penis is single, with a dorsal groove 
contmiied forward on a slender conical process. 

It consists of a firm fibrous cavernous strucinre, ’ 

commencing l)y two crura, and becoming softer 'Ifflfejii 
towards the glans, which consist of vascular and > 

erectile tissue : this is prolonged beyond the apex ( 

of the corpus cavernosum, so that two points are z |!.vr7^iiM | 
thus soon, 011(3 above tlic other: these points are j| ‘ 

united together on each side, and also in the middle, !, 
by a vertical septum, wlilclulivides the intersj)aci‘ | 
between them into two culs-dc-sac. The urethral /I 
groove is continued as tar as the extremity of the 1 
upper point. The peritoneal canals do not pane- || 
tratc the (iavernous structure, luit lead to and ojicn 
outwardly on papilhe, situated on each side the 
l)ase of the penis, within tlie cloaca. 

As Lizards arc allied to Serpents by the 
double extra-cloacal penis, so Tortoises arc allied 
to Crocodiles by the single intra-cloacal penis : 
the structure (vf this organ also pixv^ents two W • 
lypcs, respectively characterising the scaled and ’ 

' sciited groups of lleptilia. 

§110. Female Oryam of Reptiles , — In the Axolotl, lig. 
393, and Siren lacertina^ the ovaries, ib./, are granular elongated 
bodies, situated on each side of the root of the mesentery. They 


ur.i.niis; Axi'hill. 
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consist of delicate folds of membrane, inclosing stroma studded 
with Ovisacs, of two grades of size, the larger with ova for the 
present season, the smaller for the following one. In a Siren 
with enlarged ovaries 1 observed them bearing in)i)res.sions of 
the intestinal convolutions. The ovi<lucts, lb. /, are external to 
the ovarin, and are attached to the sides of the spine, each by a 
broad dnplicature of j)erltoncum. They commence anteriorly; a 
simple slit-like aj>erture, with entire borders, A, arc attenuated at 
their commencement, and soon begin to be tlisposed in short parallel 
transverse folds, in the Axolotl about twelve, in the Siren twenty, 
in Tiumber, which gradually duiiinish near the cloaca, where the 
oviducts open behind the rectum u}>on small promiuenees. Above 
the kidneys, r/, a linear tract, /<, indicates the remnant of tlie 
Wolffian body. 

The foregoing tyj)e of female organs is closely folloNvcd in 
all the perennibranchiate Batrachia. In the New't tlie ovaries, 
as they expand, assume a lolnilated exterior and greater relative 
breadth, espeeially at their hinder end, than in tbe Axolotl. 
Each oviduct l)egins by a simjde slit-shaped a)>ertnre, between 
the pericardium and livcu', and passes backward in a wavy course, 
which becomes irregular as it ap[)roaches tlie kidneys : here the 
oviducts diverge from each other, then approximate at the nuHllal 
line, and again diverge, describing a regular curve outward, and 
again converge to their cloacal terminations. 

In the Salamandoi* {Salammidra inaculom) the oviduct is more 
definitely divided into an oviducal, or ‘ fallo}>ian,’ and a nteiine 
part: the former, fig. B94, a, is slender, and before impregnation 
is convoluted to within a short distance of the cloaca, where it 
suddenly exjKUids into the uterine part, : this part curves for- 
ward and outward beforci terminating in the cloaca at c. The 
young arc developed in this expanded part of the oviduct, wliieb 
is much enlarged after impregnation, as in the figure. 

Ill the tailless Batrachia the ovary, in Its quiescent state, fig. 
:3f)5, o, has tlie form of an irregularly [ilicated membranous sac, 
with tliin and transparent parietes. Tlui Initial apertui*e of the 
oviduct, il). a, is situated close to the base of tbe heart : the tube 
is disposofl ill many, usiiully transverse, folds or .jaills, before its 
termination in the dilatable terminal part, in wliich the ova to be. 
impregnated and discharged in the same season are accumulated, 
as in fig. 31>5, h. In the cloaca the following outlets are seen: — 
in front, that of the allantoic bladder, behind it that of the 
rectum, then the oviducal outlets, ib. c, and lastly tliosc of tlie 
ureters. 
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In {scaled llcptiles there is a clitoris or some representative 
trace of the introinitteiit organ of the other s(‘x. 

In Ophidia the ovaries, like the testes, are long, slender, and 
disposed one, usually the right, in advance of tlie other, and 
the ovisacs arc developed for impregnation, in a single longitudinal 
series in most s])ecies. The ovaries are connected with the hegin- 
niiig^of the oviducts by a broa<lfold of j)eritoneuin. Each oviduct 
commeneps by an exj^anded ostium, with a wide fissure, fig. 39(5, 
^/; its tunics, at first delicate and transparent, increase in thickness 
as the tube cmitracts : here its course is slightly Avavy, hut it soon 
hccomcvS straight, and, in the viviparous Serpents, expanded, lb. h : 



in the Rattlesnake the lining membrane of* the oviduct, prior to 
the expansion, is disposed in minute [>arallel longitudinal ruga?. 
The correspondence of the ostia of the oviduets, ^/,*with the 
^)varics in position renders the left shorter than the right, and 
in viviparous Serpents it usually contains fewer ova or young, as 
in fig. 39(>. The cloacal terminations of the oviducts are in a 
semilunar fissure, behind tlie orifice of the rectum. 

In the Lacertians the ovaria usually manifest a slight want of 
symmetry in position, the right being a little more advanced than 
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the left. In the Laa^rtu hUineata each ovary shows al)Out a 
dozen visible ovisacs : the oviducts are plicated throughout their 
course. In Afjama utra there are seven or eight equally developed 
ovisacs ill each ovary. In an Iguana tlie left ovary exceeded the 

right in size, and the iinina- 
ture ovisacs appeared as 



flattened discs overlappirtg 
cacli other. T1 \ c , d u pi Ica- 
ture oi* peritoneum whith 
connects the oviduct to the 
side of the vertebric is con- 
tinued beyond the canal, 
and terminates in afree edge. 
In the ovoviviparous Lizard 
{J^acitrta [ Zooforii^ miirali.s) 
the })art of the ovidu(*,t in 
which embryonal dcvclopc- 
men< proceeds is very ex- 
j>anslle, as in the Vi[)er; in 
the s})ecinic]i figured, fig. 

thtj right oviduct con- 
tained three ova, ib. c, the 
left two ova: the ovaria are 
shown at ((y the abdominal 
aperture of the left oviduct 
at c, the iallopiaii [)art of 
the tube at d, the uterine 
j)art at c, the terminal part 
at f: the peritoneal f’ohl, 
attaching the oviduct to the 
ovary and to the s]>ine, is 
marked />, the r(‘cium //, 
and the cloaca //. 

In Chehnia the ovaries 
arc symmetrically dis[)os(Hl, 
and placed far back ^in the 
abdomen. ^I'he female or- 


gans of the Turtle (fV/c/awc. 
midns)y in the quiescent 


state, show the ovaries in the form of a broad, flattened, variously 


folded substance, thickly studded with innumerable ovisacs, like 


white specks : ea(i.h ovary is attached hy a peritoneal fold, ‘ meso- 
ariurn,’ to the sides oi* vertebra*, between the reeVum and the 
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oviducts. The oviduct commences by a simple elongated slit, 


opening upon the free margin of the 
mesoary; the duct sooji contracts to 
almost capillary tenuity, and gradually 
expands as it approaches the cloaca, 
contracting again before its termi- 
nafiop. 

In the iSnapper [Clielt/dra) the ovi- 
duct Is disposed in short transverse 
folds, between the layers of a broad 
duplicature of peritoneum, gradually 
diminishing in width, and increasing in 
the thickness of its parietes as it ap- 
proaches the cloaca. The inner .sur- 
face of the initial part of ihe duct 



l-n'k vicAvoC or^ruiis iiiipri'fricUrtJ ; 

Xixjtoi'ii-, 


presents a scries of oblique folds, which gradually ))ecome more 


produced and more longitudinal. The oviducts terminate between 


two diverging fold.s of the 
lining membrane of the 
cloaca, which folds gradu- 
ally subsid(j as they (M>n- 
verge to meet and tormi- 
nate in the sinus of the 
^glaus clitoridis.’ In the 
Euroi)ean Freshwater Tor- 
toise the inner siirlaco of 
the initial, narrow, and thin- 
walled part of the OA'iduct, 
a", lig. 3!)8, is dis|)osed 
in line longitudinal folds, 
and is lined by ciliatc epi- 
thelinm : beyond these, for 
a short space, ib. n, the Avails 
of the oviduct arc glandu- 
lar: in the expanded part 
(containing an egg in the 
. example figured*) the rugic 
of the lining membrane arc 
* feeble and sinuous. Ex- 
ternal to the mucous mem- 





hrnnp there is a stratum of of iijtMr>rinUi(!oviaut t nf ejujs. ono oviiiuH, 

m ane mu e is a i i tlitM lo;u-a ami inmi? oKUinK rluroln. ^ 

muscular fibres, l)y the con- 

' tractions of fivliich the^ ovum is jiropelled along the oviduct: 
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at tlie termination, f, where the egg-shell is secreted, the 
mciiihranc is vas<Milar, and thrown into broad irregular rugai, 
which are continued as far as its termination, in the cloaca. 
The ureter, e, ojiens behind the oviduct, a : the allantoic bladder, 
B, and rectum, /?/, in front. 

In CrocodtUa the ov.aria arc more advanced in position, and more 
compact in form and structure, presenting, in the unexcited |Stjfte, 
a surface granulated liy minute ovisacs. The abdominf\l oritice of 
tlie oviduct has an entire margin ; the duct maintains a mbre 
uniform diameter, and sooner gets upon the edge of the supporting 
fold of j)critoncum than in Chcloma, The lining membrane of 
the hind part of the oviduct is puckered up into close-set undu- 
lating transverse I’ligic : but these suliside gradually tOAvard the 
terminal shell-forming segment, where the membrane slvows minute 
longitudinal puckorings. The outlet proje(*ts into the cloaca. 

, The clitoris arises by two crura, and is impressed by a longitudinal 
groove. 

Of parts in female licptiles accessory to generation, the most 
remarkable arc the temporary tegumentary pouches on the back 
of the female Pipa, hg. 367, b, o, which, receiving the impregnated 
ova, retain the young until the metamor[)hosis is complete. In 
Nototrema and Opisthodelpln/s there is a large single pouch in 
the middle of the hack, with the entrance above the vent. It 
serves for the reception of the ova, Avhich are hatched therein. 
This pouch is peculiar to the female, which attains nearly to its 
full size before tlie pouch is developed. After the reception of 
the ova, it extends nearly over the Avhole back of the animal, 
whilst it is shrunk and scarcely Ausible when the season of pro- 
pagation has passed. 





CHAPTEK XII. 

(HiNEIiATIVE riiO]>UCTS AND DEVELOrEM ENT OF 
llyEMATOCUYA. 


The functloiLs of the ahovc-dc.scrlbcd Generative Organs are 
‘ semination,’ ‘ ovulation/ ‘ fecundation,’ and ‘ exclusion,’ to which 
is added, in some ILcmatocrya, that of ^ fmtation,’ Semination, 
or the production of sperm-cells, is peculiar to the testis : ovula- 
tion, or the ])roduction of germ-cells and vitellus, is j)eculiar to 
the ovary: fecundation is the combined act of the male and, 
female. A part of the oviduct is usually modified to add 
accessory parts to the ovum, or in subserviency to feetation in tlie 
vivi|)arous llmuatovrya : l)ut, in a few instances, the protective 
and {)ortative functions are relegated to tcguinentary wombs or 
marsn})ia, whlchmay be developed in either sex. Exclusion of the 
male generative product is called ^ emission,’ that of the female 
generative product ^ oviposition : ’ but if the ovum ho arrested for 
the process of fVetation, the exclusion of the fetus is then termed 
‘ birth.’ Sometimes the male assists in the process of exclusion. 

§ 111. Semination of The product of the testis 

in Fishes consists of ^sperm-cells,’ ^s])ermatoa,’ and ‘ spermatozoa,’ 
with very scanty fluid medium of suspension: the function is 
seasonal, and attended by 


rapid increase of the glands. 
This is greatest in Osseous 
Fishes, in the testes of which, 
at the beginning of their 
enlargement, the sperm-cells 
(cysts or ‘mother-cells’) arc 




seen, fig, 399, rt, containing {r:iH.'rii^ctnswitiisi)onu:iLo?», ijivmmi. cccvi. 
one or more spcaanatoa (‘ cells • 

,of developement’), ib . /a These usually escape from the sperm-cell 
as such, and then undergo some change of shape, through the deve- 
lopeinent of the spermatozoa within them. The ru[)ture of the 
spennatoon gives issue to the extremely fine capillary ajijiendage, 
or ‘ tail,’ the movements of which extricate the nuclear mass forming 
the so-calle<f ‘ body ’ of the spermatozoon. In most Osseous 
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Fishes the spermatozoa resemble those of the Perch, fig. 400 : but 
ill some, e. g. the Loach, there is a small swelling at the insertion 
of the appendage, as in fig. 401. In a few the ^ body ’ is scarcely 
indicated, e. g. in the river Lamprey, fig. 402 : in the Fetroimjzon 
marinus the body expands into an egg-shape. 

'100 401 402 



Sji.-r»iia!orna nf of SiX'ninii.ozf on ?>E 

r.lT\ I fititnilis ft'f'Xl ll.j-r', itil'iM fffXl 

Tlie spermatozoa in the Plagiostomes are very long, wlih an 
^anterior cylindrical body. This is projiortionally shortest in 
(Jhhncmt nionatrasa, and is disposed in throe spiral coils: in 
Scf/lluim vanieuhi it is about half the length of the spermatozoon, 


403 401 405 



A. (if H. S|u'Tni.nto7uo)i of Sji«:nii (fll ('Ao'/iW/o .V«!rai). 

iSciiiiniv.ii rnorruKiy'. (.(xvr. Tnrpofo Surer.. cajVJ. Of:cvf. 

is straight, and tapers at both ends : in Scjpnnus nlcoieima, fig. 
403, it is spirally disposed. In Spinax acanthias, the Kay.ii and 
Torpedos, fig. 404, the sjiiral coils are rather closer, usimlly four 
in number: in Raia oxyrhynchus the coils are more numerous,' ^ 
but only affect the anterior lialf of the body. 

In the Plagiostomcs the spermatoa appear as one or more nuclei 
within the sperm-cell, like those in fig. 399, h : but they are not, 
as in Osseous Fishes, excluded in that state. ‘ In eaojh sperinatoon . 

* cccvi. vol. iv. p. 484. • 
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a sponnatozoon is developed, which cscaj)es by solution of the 
spennatoal wall Into the sperm-cell, as in lig. 405.* At this stage 
the body does not show the spiral disposition. 

If the sperm-cell has ■ contained numerous ^**^6 


spcrmatoa, the resulting spermatozoa group 
themselves into a bundle, as in fig. 406 : their 
bodies arc contiguous and accjuire th(f's]>iral form 
before escaping from the dilated sperm-cell. 

The spermatozoa are developed in most 
Bafrachia as they arc in the Flagiostomi ; a 
sperm-cell may contain from ten to twenty 
s|)ermatoa, in each of wlii<*h the spermatozoon 



is develoi»ed, as in fig. 407, and through solu- 
tion of tlic spermatoal meml)rane the sperma- 
tozoa become free in the cavity of the sperm- 


iJr.nOI^' of Srprinnlo/.iv 
wif.hii) Mio 

Tvi’ix ci'i -v i . 


cell, whei e they usually aggregate into a Imndle, pressing the s])erm- 
cell into a pear-shape, which bursts at its sniall end, and liberates 


either the filamentary appendages, as in the Frog, 
bodies, as m Pdohates : in either case the remains of the 
sperm-cell eontinue recognisable, for some time, at the 
non-liberated ends of the spermatozoa, as in fig. 408, f/. 

In tJie igneous Toad (Bombinator ujnruH) tlic 
spermatozoa lie confusedly within the s[)(ann-cell : 
tlie remains of tlie 8i>ermatoon long adhere, like a 
pectinate appendage, to the spermatozoon. When 
fully develo])ed and liberated, the spermatozoa sliow 
a long cylindrical body, attenuated towards the head, 


or the spiral 


407 



Spoj'inatoon 
wiili its (’on* 
f:tij!0d spenna- 
fo7,oon, from 
ilio fipc-rm-coll 
of a 


which is again slightly enlarged, and more gi*adually shrinking 


408 


400 


410 



}3uiidle of .Spommtoxoa, f , Slicnaatozoa of Bombinator Part of Rpovniatozoon of 

tsciijjingfroitHlie spmn- igmux. Triton, 

cell, a. PchboUfi, 

into the filamentary tail, which is reflected and coiled in narrow 
* “Sometimes fiic entire nucleus becomes a coil of fibre.”— JPam/, cvji. 1842, pis. 

V. VI. XI. 
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spirals about the l) 0 (ly, fig. 40J). The spermatozoa of the 
Salamander and XcAvt liave a similar form and disposition, and the 
coils of the reflected tail present the ap]>earance of a crenate 
fringe or ridge, as in fig. 410. The fully-dcvcIo])cd spermatozoa 
oi Pdohates fnsrus have a long spirally dis[)oscd body, gradually 
attenuating into the filamentary appendage, fig. 411; the total 
length is about of a line : the looser anterior end has a coi^st^nt 
vibratile motion. 

Tn the Frog, fig. 412, the l)ody of the spermatozoon is lohg, 
cylindrical and sti*aiglit, and is terminated by a straigl\t ca])illary 
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Si'frnii-i’.dl, (I, Willi 
four siicnn:no;i, h, 
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appendage. I n tlui Colnher nafrix the body of the spermatozoon 
is pointed anteriorly : in liizards it is shorter and more obtuse, 
fig. 413. The spermatoa rarely exceed eight in nmnl>er in the 
sperm-cell, from which they usually cs(‘ape prior to the full 
dcvelopcment and cxtrii'ation of the spermatozoa. The same 
is the case also in Testudo f/ra^cai but here tlie sj)erm-cell, 
fig. 414, a, remains longer than in Lizards and Snakes, and 
spermatoa, il). /y, with developed spermatozoa, may be observed 
within it. 

§ 112. Ovulation in Osseous Fishes and, Batracfiinns, — In 
(>yclostomous and Teleostomoiis Fislies, and in Batraehians, the 
ova are developed almost simultaneously at each breeding sc^ason : 
whilst in Chinneroid and Plagiostomoiis Fishes, as in scaled. 
Reptiles, the ova are successively developed, of come to perfection 
at longer or shorter intervals. In Osseous Fishes, however, 
besides the ova of the present season, there are the germs of 
those of the next, often studding the ovisacs of the former. In 
the ovary of the Frog, before pairing-tin[ie, three sVts of ova are 
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distiiiguishccl : those about to be discharj:;'C(l are large aiul dark- 
coloured^ those intended for the next season are also of* iiniforin 
size, but smaller, and partially coloured, and the rest are iniieli 
smaller, colourless, and varying hi minuteness. In Plagiostonies 
the ova are fewer in numl)cr than in the roe-fisli.’ Fnnn [‘our 
to fourteen ova, for example, may be developed at one season in 
thv Torpedo {T, marim)rata\^ whilst in the Herring 
2o,00() ova, in the Lum])-fish loo, 000 ova, in tlie 
ilollbut, 3,500,000 ova, iiave been estimated to till 
the enlarged ovarian sacs. In a Lnrnp-fish, the 
total weiglit of which was 9 lbs. 8 ounces, or (](),500 
grains, the ovaries weighed 3 lbs. 3 ounces, or 22,300 
grains : tluis they w<M’cto the body as 1 to 3. J’hich 
ovum Avelghed one-seventh of a grain.’* 

In all Fishes the ova arc formed in ehambers of the ovary, 
called ‘ ovisacs.’^ In Osseous Fishes the ovisac emosists of a 
(h'lieate incinhranoiis hollow sphere, fig. 415, lined by 
epithelial mieleatc (*ells, and surrounded by a thin layer of the 
])roj)or tissue, or ‘ stroma,’ />, of the ovary ; which, as it jirotnidi's 
witli the growth of the ovum into the ovarian cavity, carries 
before it a (aivoing of the delicate miieoiis membrane lining 
that cavity. This tunic is not jirescnt in Cyclostomcs and Pla- 
gioslomes. The first-i*ormed and essential j>arl of the osimi 
is the germ-cell, or ^germinal vesicle,’ c, whi(*li, in Osseous 
Fishes, shows several niielci, maeuhe, or ‘ germ-sjiots,’ r/, but in 
IMagiostomcs only a single nnclous. Around I he gin*m-e(dl there 
aecimiulates a eoUection of ininnle 3'olk-oorpuscles and albuminous 
granules, c, with oll-likc globules, f, and in some spce/ics (Oarp) 
fiat angular corpuscles are added : all are suspended in a clear 
gelatinous yolk-iluid, and are ultimately circiiuiserii)cd l)y a delicate 
yolk-ineinbranc, //, devoid of visible sti*ucture. The increase (jf 
the ova is due chiefly to the aecuimdation of the yolk, and its 
Colour to that which the oil-globules acquire as the ova ap])roach 
maturity. Finally is formc<l the external tunic, or ‘cctosac.’^ At 

' CXXXII. 

- ocoviii. p. 40. The ])crio(lieal, but rapid and cnormons increase of the liard and 
soft roes in osseous Tubes admits of no ri"id cinctures, no unyielding Bony hoops 
arouml the abdominal e.-ivity, sueli as 'would have resulted from a cotivcrsion of tl)e 
pfeiirapophyscs, hy their junction with Iiiumapophyscs and a sternum, into ‘ true ribs.’ 
^Wc see, iliereforc, in the fecundity of fishes — in this compensation for their limited 
intelligence and miinerous foes- the physiological condition of their free or ‘ floating’ 
ribs. * XX. iv. IS.‘J8, p. lUl. 

* As the homology of this tunic Is not clearly determinable cither with the vitelline 
membrane of the ovum of the Bird, or with the chorion of that of the Mammal, it is 
indicateil by the ab(MVC term in tlic description of the ovum of the Osseous I'i.-'h. 
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this period the ova in Osseous Fishes escape into the cavity of 
the ovariuin, and the cctosac then receives its villi, or appendages 
for adhesion, in the Fishes possessing them. The ovisac remains 
behind, and coalesces with the stroma of the ovigerous layer, to 
form, according to Harry, a ^ vesicle analogous to the Graaflian 
vesicle of IVIaininals but the evacuated ovisacs collapse and 
speedily disappear, after the discharge of the ova, in the shrunken 
ovarium of Dermojderi and in the collapsed ovarian bag of Osseous 
Fishes : they arc longer re(‘ognisable in the more compact and 
solid ovaries of the Plagiostomos. 

The earlier stages of ihc dcvelopement of the ovum witliin the 
ovisac arc illusti-ated in figs. 1 a i> (j>p. 1 and 2), from Hansom’s 
observations on the Stickleba(‘k (Gastffrostcus aculeafns). In 1 a 
the (tvisac, r, has a diameter of inch: the germinal vesich^, 
appears as a gelatinous s[)hcroid, witli few ^inaciilie’ and a scarcidy 
definite wall : a slightly turbid fluid, fills the sjiace between 
the vesicle and the ovisac, from the inner surface of which a few 
delicate ejfithelial cells, />, project. In n, with a diametei* of 
-jl irinch, the macnlic have increased in number, and the germinal 
vesicle in size : fine yolk-granules have begun to aggregate nc^ar 
the perl])bery, Init there is no vitelline membrane : on the exterior 
of the ovisac are the nucloi of flattened cells. In C, with a 
diameter of jl. -y inch, the inaeuhe have hecoine more mimcrons 
and distln(‘.t : the yolk-graiiuleB more abundant and opakc : the 
yolk-mass is now more circumscribed, and a clear space intervenes 
between it and the ovistic. In t>, with a diameter of yi inch, 
the gerniinal vesicle has more jiiacnhc, but has ceased to grow: 
the yolk-gi’aimlos are much increased in lunnber, and a clear 
peripheral space indicates the beginning of the forination of the 
external membrane, ch. 

The ‘ roe,’ or ova, of Osseous Fishes, being usually sbed in or 
on the sediment of shores, arc subject to the action of the flow of 
streams or break of waves u)>on their sandy or gravelly bed, and 
these pellucid and seemingly delicate vesicular sjdicnilcs ar(‘ 
aceordingly provided with a very clastic and resisting outer coat, 
constructed on a princiidc analogous to that by wdiich a trM)th 
sustains* and exerts its pressure. This coat i^s composed of a 
close-set scries of hollow columns, set pcrjiendiciilarly to the sur- 
face, fig. 410, h : the part of the outer surface turned into view, at* 
c, shows the pores, or ‘ lumina,’ of the tubules. The yolk, a, wif h 
its granules, granular and nucleated corpuscles, and fiil-globiiles, 
now shoNVS its delicate structureless membrane, which is partly 
’ cix 1st Series, p. 814. * ^ 

L * 
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detached from the oetosac, as it becomes after imprej/natioii. 
Ao'alnst the ectosae, h, are closely ap])lied the llatteiied e])ithelial 
cells, f/, which line the ovisac and probably contribute to the 
^>;rowth or thurkening of the external inembrane. In. the Perch 
tlie ectosaccal tubes have a 
slightly s})iral course, ainl 
tlie ■periidicraJ end of each 
is set in a small hexagonal 
prism : this onto’ stratum 
sei'ves to connect the ex- 
cIikUmI ova in gi-oups. I'hc 
ova of the Stic-kleback have 
villi developed for iliis ])in‘- 
])Ose from one ])art of the 
exterior, figs. 417 and 421. 

The structure of the outer 
coat of the ova of Fislu's re- 
lates not only to tlie accidents 
of appu. 1 80 , hut to the act of 
impregnation, which takes 
place after exclusion and 
exposure, Jh^sides the ])ores, 
or tuhular orifices, of the 
ectosae, there lias been ohsorved, in the ova (d* (jla^terostras,^ 
BlrrrninSy’^ Tvlxjla^ a foramen honndogous with the 

inicropylc of the invertebrate ovum. l)r. liansom, its discovenn’, 
has observed the passage of the spei'inatozoa through this foramen 
into the ovum. Fig. 417, A, gives a magnified view of a jiortiou 
of the surface of a mature ovarian ovum of the Stickleback, 
sljowiug the fanncl-sha|)ed depression leading to the aperture of 
the inicrojiyle, with a few of the flask-sha])ed a illi of the outer 
membrane: v, represents diagrammati(*ally a section of the cctosac’, 
and I'nnnel ol* the inicrojiyle: C is a jiortitui of the membrane 
at tlie apex of the funnel, with the ajierture of the microjiyle 
j>ressed flat, of the 'JVout's egg, inagnilied dOO diameters : o is 
a siinilai; portion, magnified 1,000 diameters, showiiig the ‘ Inmon ’ 
of tlie octosaecal tnhiilcs, and the hexagoual division of the spaces 
l)%itwcen them.'’ 

• In the Ihitraclda (Frog) a greater proportion of the ovarian ova 
J^how different states i.)f developement, previous to sexual piilri ng, 
than in 0^?seon.s Fishes, although all tliosc destined for im]»rcg- 

- cccvin. and cccix. p. (lOl). ® exxx. pL ii. p. 4. 

^|COjx p. 37(1,^11^2:. G. ^ cccvni. p. (101). 
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nation at tlic same season are siniultancously rij)cne(l. As soon 
as the gerni-cell is rocognisal)lc, it Is oontaiiied in a delicate ovisac, 
and speedily exhibits several nuclei, or maculie, fig. 418, n, it is 
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suiTovinded by a clear album iiioiis yolk fluid, which gradually 

becomes o])ake, and about which the yolk-granules accumulate,' 
among which is the opake or dark aggregate peculiar to BatravMa, 
and called the yolk-nucleus, ib. vn. This body disappears as the 
yolk-mass approaches its mature bulk, and acquires the larger 
quadrilateral or quadrangular particles. The sn.ooth and well-'’ 
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defined j)erij)liery of the yolk-mass is in close contact wltli the 
layer of nucleated cells lining the ovisac, ib. s: and at a later 
stage of developement, when the piginent-cells have been applicil 
to the surface of the germinal portion of the yolk, a distinct, 
external membrane is present. In the month of February the 
macuhe of the germ-cell multijdy and form aggregates, with 
envedopes, representing cells with a granular nucleus, which 
nucleus finally dlsap])ears, and the so-rendered clear cells escape 
b\"’ solution of the coat of the germ-cell Into the surroiuKling 
yolk-substaiicc, this ruj)lnrc or disappearance of the germ-cell 
preceding, as in some Osseous Fishes, the reception of the matter 
of the spermatozoon. The ripe ovarian ovum of the Frog {liana 
femporaria) is from to yV diameter. 1'he outer mend)rane 
(ectosac) of the ovum, after quitting the ovarium, is surrounded 
and defended, before exclusion, by the gelatinous .secretion of the 
oviduct: it does not show the structure of that of the Fish. It* 
a ‘micro|)yle’ exist prior to impregnation, as Prevost and I)uma.s 
record,* it has escaped the express research of some later ob.servers.^ 
The full-sized ovum of the oviduct retains its st>herical form, fig. 
420, A. in the Newts the ectosac of the ovum is elliptical, 
fig. 420, n, and a clear albuminous tluid intervenes between it 
and the yolk. In Triton crlsfatus the yolk is bright yellow : in 
Lissotriton pnnvtatus it is ash-coloured: in tlic Land-Salamaiider 
it is orange. In tailless Batrachia the colour is limited to the 
surface of the yolk, which is grey beneath: in the Toad the 
]>igment is almost black, in the Frog it is dark brown: in both 
it covers all the surface, save one small rmind spot ; in Alptes 
ohstdricans it covers half the yolk: it stains vertically from J 
to of the diameter of the yolk: in all it defines the genninal 
j)art of the yolk. 

§ 11. ‘L Oindaiion in Cartilapiaous Fishes and Scaled Uepfiles , — 
If the generative organs and products were exclusively to govern 
tlie classification of Animals, the Chinrecroids and Plagiostojnes 
would he separated from other Anallantoid.s, and be combined 
with scaled licptlles, Avitli which they agree in the type and 
grade pf tlieir generative organs, and in the more important 
characters of the structure of the ovum. Its essciTtial con- 
stituent, the gcrm-ccll, has a single nucleus, .and it becomes 
surrounded, wliilc in the circumscribed ovary, Avith a larg(j ma.ss 
of vitelline substance, consisting in great part of oily and 
albuminous matter, inclosed in delicate vesicles. Besides these, 
there is a small proportion of the yolk, consisting of minute 
* In the cciirc of the bnijvii hemisphere, cccxi. ji. 104. - occxiii. 
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granules and granular corpuscles, more immediately siirrouiiding 
the germ-cell ; which, moving from the centre to the perijdiery 
of the yolk, tliere forms the ^ cicatricula,’ the exclusive scat of 
subsequent devolojjenient. In the cartilaginous Fishes the im- 
]>regnating iidlucuce is received before the ovum quits the ovarium, 

or shortly after. In tlui 
egg’s passage tlirouglj tfie 
oviduct the yolk is sur- 
rounded by fluid albumen, 
and finally by a casci of 
the denser albuininons 
secretioJi of the nida- 
mental gland. The f’onn 
of the egg when thus 
invested is remarkal)le, 
and diderent in ditlerent 
genera. 

In the Skate, fig. 411), 
A, it is an oblong quad- 
rangular flattened case, 
with the angles jirodiiced 
forward ami backward, 
like those of a butchers 
tray. In the Spotted 
Dog-fish, lb. B, the ova 
arc also (juadrangular, 
but loTig(ir, and the angles 
are extended intofilameii- 
tary tendrils, which attach themselves to floating bodies, and thus 
keep tlic ovum near the surface, where the influence of solar heat 
and light is gi’catest. In a similarly sliaped cirrl- 

gerous egg, the anterior and ])osterior surfaces are crossed ])y 
about twenty jiaralfcl transverse ridges.^ In Ccstradou the egg 
is pyriform, with a broad ridge, or plate, Avound edge-wise round 
it in live spiral volutions. '!l'he eggs of CallorJuptc/tus resemble a 
liroad-leaved fiicus, in tlie form of a long depressed ellipse, with 
a ])licatccl and fringed niargin.^ The ovum of the Myxinc 
(jliitinom, fig. 419, c, is a long ellipse, terminated at each end by* 
a tassel ol slender tubular filaments, twenty-five to thirty in 
number, expanding at their free end (opposite d) into a funnel- 
shaped process.^ 

* XX. vol. V. p. 70, preps, nos. 324.5, 3246. 

^ XX. vol. V. p. 69, preps, nos. 3235, A. and r.. 
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The structure and formation of the ovum in scaled and sen ted 
lieptiles are essentially the same as in tlie cartilaginous Fishes. 
Tlie germ-cell, with a single nucleus, is first formed in a ilelicate 
ovisac imbedded in the stroma of a solid ovarium. A yolk of 
large size is added, of whhdi 
[he greater jjart consists of 
hu’gQ 11 on-nucleated oil-vesi- 
clcs, and. the smaller part 
of the vitelline granules and 
cells with a granulated nu- 
cleus; these originally sur- 
round the germ-ccH, llien 
imlicate its ti’act from the 
centre to the j>erl])hery of 
the yolk, and form with the 
matter of the germ-cell the 
cica triciila, or blastt )derm. 

'I'liis occupies a much smaller 
extent of the surface of the 
yolk than in the small- 
volked eo'gs of Ihitrachians 

»' or* 

and Osseous Fishes, and 
sogmeiitation is liinitod 

thereto, the rest of tlie yolk being nutritive. The ovum, e<.)n- 
sisting of the above parts, inclosed in a vitelline membrane, quits 
the ovary and is received into the oviduct: here it acquires a 
certain proportion of soft albimion, upon whicli is condensed a 
thin tough layer, called ‘ chorion.’ In the ovo-viviparous Snakes 
{ Vlpera) and Tnzards {Zootoca) this membrane is thin; in the 
oviparous species it acquires a criLst of calcari‘ous matter l)c(bre 
exclusion. This crust is very thin and scanty in most Serpents 
and Lizards, Imt is thicker in Chrlonia and Crovodiiia^ forming a 
shell. The egg is spherical in some Chehmia, spheroidal in others, 
fig. 420, F, elliptical in Emps, iig, 399: in the Crocodiles tlie egg 
is a long eUqise, fig. 420, e. In no reptile does it show the 
oval form which prevails in Birds, ib. 0 and d. 

§ 114. FecurJklatwu in Fishes, — Certain changes anTl peculiar* 
•phenomena attend the increase of size of the soft and hard roes 
during these primary processes of generation. The coloni’s ol‘ 
the fish become more marked and brilliant: the ditferent sexes 
are often distinguished by peculiar tints, as the male Stickleback 
by bis bright red throat, for cxam})lc. The cutaneoifs crest on 
the head is developed iy Salfirios and many other Blennioids, e.g.. 
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in the male viviparous lilenny, which, by eversion of tlxe 
terininatioiis of the sperm-canals, impregnates internally. The 
chispers in the male Plaglos tomes then ac(iuire their full devc- 
Jopement and force: the basal glands in those of the Rays 
enlarge. In Osseous Fishes the whole abdomen swells, and the 
viscera are dlsi)laccd by the prodigious bulk of the germinal and 
seminal matter. * 

As the period of ‘ fecundation ’ approaches, the female osseous 
fish seeks a favourable situation for depositing her spawn, usually 
in shoal water, where it can be most Influenced by solar warmth 
and light. The marine ircrring. Mackerel, and Pilchard approach 
the shore in shoals: the fluviatile Salmon rpiits the estuary to 
ascend the river, overcoming, Avith astonishing perseverance and 
force, the rapids or other mechanical difficulties’ that iinjicde its 
migration to the shallow sources, whither the sexual inslinct 
jmpels it as the fit place for ovipositioii. The female fish is 
closely pursued by the male, sometimes by two : in tlic Capelin 
{iMallotns) these swim on each side of her, aiding by their 
pressure in the expulsion of the spawn, and at the same tinier 
impregnating it by diffusing over it the fluid of the milt: tlius 
al)Sorl.)C(I in the sexual passion, tliey have been seen, on the 
shores of Newfoundland, to rush on land in their spasmodic 
course over the shalloAvs, which they strew with the feeuudated 
ova. In some genera violent combats take place between tlie males. 
Mr. Sliaw,^ a close observer of the habits and developemerit of 
the Salmon, states: — ‘ On ffamiary 10, 1836, I observed a female 
Salmon (d' about 16 lbs., and two males of at least 25 lbs., engaged 
ill depositing their spawn. The two males kept uj) an incessant 
conHict during the whole day for possession of tiie female, and, 
in the course of their struggles, frc(picntly drove each other 
almost ashore, and were repeatedly on the surface, displaying 
their ilorsal fins and lashing the Avater Avith their tails. The 
female throws herself at intervals of a feAv minutes upon her side, 
and, Avhilo in. that j)Osition, by the rapid action of her tail, she 
digs a receptacle for Jicr ova, a portion of Avhich she deposits, 
and, again turning upon her side, she covers it uj) by the repewed 
action of tiie tail, thus alternately digging, depositing, and covering 
the ova, until the process is completed by the laying of the Avholc. 
mass, an operation Avhich generally occupies three or four days.’ 

In the ovo- viviparous Osseous Fishes tlic Avcll-dev eloped cloacal 
papilla. In Avhich the sperm-ducts terminate, doubtless serves to 

* Save those erected by ,stui)i(I cupidity to cfFectually bar the salmon’s progress. 

' exxiv. p. 551. \ 
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ensure intromission. The superadded claspei's in the male Plagio- 
stomes lend more etFectual aid in the act of internal impregnation, 
for in those species that are oviparous the ova are im})rogriated and 
covered by a nidamcntal coat, or ^ shell/ prior to exclusion. 

In Osseous Fishes, where exclusion usually precedes impregna- 
tion, the first change observed in the 
ovum after entering the water is its im- 
bibition, causing a separation of the outer 
tunic from that of the yolk, fig. 421, a. 

Dr. Hansom connects the phenomenon 
with the passage of the spermatozoa 
through the micropyle, which lie ob- 
served in his experiments on the ova 
of the Sti(iklel)ack.^ In these ova, 
about three minutes after impregnation, 
the funnel of the micropyle, wdiich Inid 
dcs(jcnded into a dejn-ession on the 
upper surface of the germinal part, fig, 

421, 3^, began to be withdrawn by the 
recession of the external membrane from 
the surfiK-e of the yolk and the forma- 
tioti of the intervening clear space. 

About ten minutes after impregnation 
the clear respiratory space is more 
marked : the germinal layer, with a few 
large oil-globules, is distinguishable by 
its opacity from the clearer part of 
the yolk, ib. a. In the Perch it presents a greyish, in the Pike 
a yclloAvish, tint. The germinal vesicle, which had jn-cviously 
become filled and obscured by granules and granular corpuscles, 
breaks up to form, or contribute to form, the germinal layer, 
which now becomes more circumscribed and distinct : the process 
of segmentation, which follows that of impregnation, is limited 
to the germinal portion of the yolk, with which it is co-cxtensivc. 
In the Perch the ova assume a greenish tint shortly after impreg- 
nation^ There is reason to suppose that impregnation of the 
eggs of both Sl^arks and Kays takes place in the ovaruim or the 
^contiguous part of the oviduct, for they become enveloped in the 
dense albuminous secretion of the nidamental glands after having 
passed that part, which covering would prevent the subsequent 
influence of the spermatozoa. 

§ 115. Developcment of Fishes . — The germinal layer consists of 
% Cited ill cccviir. p. 98. 
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SI inlinitely g;ranulsu‘ insittcr, with clear corpuscles, vitelline cells, 
and oil-particles : it ]>rojcets from the »siirrace of the yolk, fig. 
422, a, and becomes transparent : the vitelline and oil-globnles, 
aggregating sit its base, buoy It up. The formation of two 
liysilliio centres is followed by the clesivage of the germinal Isiyer 
into tivo equal parts, ib. />, siiid these are next cleft at right angles 
into four, ib. c. In the Tench this occurred about luilf sin hour 
sxtVer the rising of tlie germ-hiyer. hiach of the four ‘divisions^ 
undm’goes subdivision, but irreguhirly, ib. d : further sub- 
division gives the surface a mulberry character, ib. c, and 

finally the ])arts are broken up to 
such a degree of niiiuiterK'ss tlrat 
the surface is again made sim^oth. 
The hyaline principle, which is the 
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h a 




centre and (‘aiise of these successive 
divisions, is thus difiiised through, 
or assimilated by, the wdiole germinal 
ii: riii:..!rv.-}npviHc;iu nf aTr.)«h. lavcr, wliicli luis tlicrcby bccome 
the ‘ germ-mass.’ It now subsides 
to the form of a eii’inilar disc, sejiaraled by a layer of oil-globules 
trom tlie yolk. The pirocess occujncs about three days in the 
Salmon, and from fifteen to tw'cnty hours in the Pike;' before it 
is completed In the latter fish the yolk rotates Avithin the cctosac.'*^ 
A e 4 i\ity is formed in the centre of the germ-mass, Avhich, as 
the mass subsides and extends over the yolk, is obliterated by the 
contact of the outer and inner layers. Jt clothes half the yolk 
hy about the end of the third day, and when it covers two-thirds 
or more, the rotation ecascs. The margin of the germ-mass 
encompassing the unlnelosed part of the yolk is tinnid. JSo 
rotation takes place in the ovum of the Perelv' and the germ- 
mass iueloses the whole vitellus, as in the Cyprlnoids, 

The ])criplicral layer in the Pike begins to rise from the tumid 
margin of the genn-rnass, as from a l)ase, and extends, contracting, 
towards the opposite pole ; this tract of gerin-siil)stance is the ^ cin- 
luyonal ’ or ‘ priiniti vo trace.’ It next sinks in along tlic median line, 
Ibrming a furrow, Avhieh stops short of the two ends of the% trace : 
that end opposite the i)oiiit from which the germ bt*gan, swells into 
the head, and the UKjdian furrow expands upon it ; the cephalixr 
borders arc next unitial by a thin layer of cj)ithclial cells above the 
furrow, converting it into a cavity or ventricle, and the myidonal 
furrow is similarly covered by a layer, uniting the lateral columns, 
'fhe embryonal trace becomes longer, narroAver, aiuj bends round 


‘ cccxix. p. 480. * cxxxi. « ’ II). p. 512. 
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half the vitclliis, fig. 422, /I A layer of epitlujlial cells forms a 
net-work over iJie whole (lorsal (upper) surface of the ernhryo. 
In the gerin-inass broadening from the primitive trace oblique 
striie ap])car, indicating its division into segments : these l)egin- 
nlngs of aponeurotic sc})ta probably accomi>any and sup])ort ner- 
vous productions from the myelonal columns. 

IVo transverse constrictions begin to divide the (Cephalic 
(mlargem^jnt into three lobes, the second and third of which 
cxjWnd into vesicles: an acciimulatioii of cells at the sides of the 
midille expansion appears to add greatly to its breadth, ])ut forms 
the basis of the eyes. A similar accumulation of darkish granular 
matter on each side of the third enlargement lays tlie foundation 
of the acoustic vesicles. 

The (ilficrentlatioM and conducnce of the (adl-ctuistitiients of 
the j)rimitive trace have previously l(‘d to the formation of a 
j»air of ali)uminoiis chords along the sides of the median furrow,, 
f'orming the myelon jiroper ; the cells exterior to and abo^'c them 
arc converted into muscle and fibrous septa, whilst beneath the 
columns is the jelly-filled cylinder, with a transversely striate 
sheath, pointed at both ends, forming tlie ‘notochord,’ fig. 42;$, cA: 
its anterior j)oint passes a little 
in advance of the acoustic vesi- 
cles, il). /. Beneath the noto- 
chord and surrounding blastema 
is stretched the vegetative or 
mucous layer of cells, in contact 
Avith the yolk. Both head and 
tail of the now eylindrical em- 
bryo are liberated from tbc sur- 
face of the yolk. A fold of 
blastema, reflected from the under part of the head, sinks, like a 
pouch, ib. /, into the yolk, and soon includes the rudiment of the 
heart, like a bent cord, ib. /*, Avhlcli begins to oscillate about the 
seventh day. F rom the mid-line of the inferior surface of* the 
embryo, or Its mucous layer, two longitudinal plates descend, 
divergyig into the yolk-substance, and form the primitive intes- 
tinal groove. • * 

. The ophthalmic vesicle, ib. elongates and curves outAvard, until 
the tAvo ends almost come into contact : bctAveeii those ends and 
beneath the delicate tegumeiitary layer connecting them the 
<M*ystalline lens, ib. h, is formed. About the same tlino, the 
otolites appear in the acoustic vesicles, ib. /*, and these have noAv 
acquired a c?/rtilaginou;? case. The cerebral lobes, r, begin to 
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be formed by small folds, rising laterally, and overlapping the 
fore-part of the second enlargement, ib. o, which liaKS expanded to 
greater breadth. The olfactory cavities appear as small cutaneous 
dej)ressions or follicles, ib. r. 

The two myelorial columns, expanding between the car-sacs, 
and receding so as to show the notochord beneath, bend upward 
and inward, and unite, to be continued into the back pax^t of 
the optic lobes, thus comineinang the cerebellar bridge, ib. C,^ 
across the epenceplialic ventricle. The encei>halic vacuities liave 
begun to be filled by the granidar basis of the cerebral fibre or 
substance. The intestinal groove begins to be converted into a 
canal at Its two ends, which are closed : beneath the anterior end, 
and behind the heart, progressively accunndates the cidliilar basis 
of the liver. The free caudal end of the embryo grows rapidly ; 
nmseular lieavings of the body occur before the heart beats, and 
tjmlsation begins before the cavity is visible in the cell-mass. 
'Jiie heart appears first as a cyrmder of cells, changing in its 
movements from a straight to a bent fissure, fig. 423, A, and pro- 
jielling oidy colourless plasma; a canal is next seen, along wlvicli 
the blood-particles traverse the cylinder, from the yolk below to 
the head aliovc : these blood-particles are sjdierical or polyhedral, 
colourless and homogeneous, and are more minute than the 
germinal cells. The cardiac cylinder is next divided by a con- 
striction into an auricular and a vcmtricular compartment. 1'hc 
blood, in winch the discs soon acquire increased size and a pale 
re<l colour,' is propelled from tlic ventricle by channels cncom- 
])assing the fore part of tlic alimentary canal Into a dorsal trunk, 
which, after a sliort course, bends down, and returns as a vein to 
the vUellus, over which the l)lot)d at first courses in nndeterininate 
streams, l)ut which converge to enter the auricnlar division of 
the heart. As the abdominal cavity, intestine, and body elongate, 
a succession of such vertical loops Is formed, receding from the 
first, with correspcnidlng elongation of tlie aorta and |)ostcaval, or 
cntero-vitellinc, vein. The aorta soon sends oft' pairs of trans- 
verse loops, corresponding with the vertebral segments, tlu; 
returning channels of whicli open into or constitute the c^^,rdinMl 
vein. The embryo now encompasses the yolk, asdn fig. 422, y. 

In the eye the crystalline, developed from the epithelial layer- 
uniting the two ends of the bent ophthalmic vesicles, sinks deeper 

* ]>rebouilJct observed in embryo-fishes raised in tanks from artificial impregna- 
tion, that tliQ blood-particles were later in formation, and more scanty than in the 
embryos derived from the free streams ; a remark worthy the attention of the breeder 
of fish, cccxix. 580. ^ *. 
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as those ends a})proxImatc each other. Tlic choi^nd appears in the 
form of an inner cylinder, applied to the sunk hack-part of the 
lens, and its extremities, approximating and uniting, jiruduce the 
choroidal fissure: the eye is now the most conspicuous part of 
the cmhryo, especially in the ovum of the Salmnuidcc, and is a 
useful sign to the piscicidturist of the imj)regnation and vitality 
(K tjic egg. 

The lender ctccal part of the intestine ra|)idly elongates, from 
‘ belli nd forward, the yolk advancing in position. Tlie anterior 
caHniin also elongates from before ha(dcward : the open ])art of 
the intestine, which communicates with the vitelline sac, hecoines 
in the same measure constricted. 

When the two divisions of the heart are bent upon one anotln'r, 
the liver shows several small ea^ea, whieii ra])idly mnltiiily, and 
become opake: it is situated, fig. 424, /, behind the heart and 
aliove the yolk, now becoming reduced to a globule of oil, whlcl^ 
is long retained In the young Perch. 

Tlie primordial kidneys appear as two parallel rows of rounded 
cells, above the liver, their ducts uniting to (bnri a tube, which 
runs above the intestine, and dilates above the hinder ciecal end 
of the gut. 

The pectoral fins begin to hud fortli: the protoceroal mem- 
branous fin-fold commences at the middle of the hack, hordoi’s 
the tail, and returns along the belly as flir as the vitellus. Large 
])igment -cells are spread over the yolk-sac, which become stel- 
late. Muscular fibres appear in the myocommata as transparent 
cylinders, without the transverse stikc : they move the tail 
vigorously, and cause the embryo and its yolk-sac, in tlie Perch, 
to rotate in the egg. This has increased In size by imbibition 
of water, and its external coat is tbiimcd by stretching; it now 
gives way, and the embryo is extricated, about the tenth day in 
the Pike and tlie twelfth day in the l^ercli. The size and shnpo of 
the yolk-sac, iig. 424, c, vary in ditferent kinds of Osseous Pishes.’ 

Tlie vitelline vascular network, ih. d, is the first respiratory organ 
of the fish: its divisions carry the blood-discs only in single files. 
The outer tunic covering the vascular one permits the interchange 
of gases betw(ien the blood and the water outside. U^lvis respired 
. or arterial blood is mixed with the venous blood which is returned 
to the ‘heart by the cardimil veins, and is distributed, so mixed, 
by the arteries. Tlie vitelline capillaries gradually exchange a 
reticulate for a parallel longitudinal course, with diminution of 

‘ In artificial hatching, young trout, and especially char, show a dilliculty in extri- 
cating the yolk-^ac, and many perish from inability to liberate thcniselvcs. 
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numl)ers and increase of size : and as the fitness of the vascular 
surface for respiration decreases, the deveh^pcmciit of tlic gills 
])rogresscs. The branchial arches appear, three in quick succes- 
sion, from behind forward, and l)raiKhial tubercles bud from them 
in like order. The mouth and the branchial slits being now 
opened, the arclievS move rythmically, so as to produce branchial 
currents: the blood is yellowish, and the discs begin to show^tltb 
flat oval shaj)e. As the vitelllcle decreases, its circivlation is 
changed, or merged into the portal hepatic system ; and now that 
through the In-anchial buds begins. The change of the vitelline 
for the bran(‘lii:d circulation relates, iji a givneral way, to that 
from the omvfined to the free state of the young fish: but no 
siich alterations of the cinmlating or breathing syste»ns atteiul 
the e?on]>e of the'' fish from the egg as mark extrication in tlie 
.Ke]>tile and l)ii‘d,or birth in the Mammal. A’itellinc respiration, 
carried on hi ova by means of the imbibed water between the outer 
and vitelline tunies, continues to 0})erate for a longer or shorter 
period after the little fish is free, according to tlie species, and also 
according to the individual eoiistitutlon in the same sjiecies. 

Each braneliial bud is at first a solid cell-mass, and is excavated 
to receive the blood with blood-discs iji single file: secondary 
tubercles bud forth at rigid angles to the primary ones, through 
which similar blood currents flow : the jnimary buds become tin; 
stems of the leaflets into which the secondary ones arc dcvelojicd, 
and the cariilaglnous axis of‘ the arch and stems next aj)[)ears. 
The ]iseiido-ljranehifi also slu»ws itself liehiud the eye, in the form 
of flattened elongated folds, through which the blood course's at 
first in a few vascular loo])s. Ja tlie AmdmSy and probably other 
1 jii\ )\ ri n t h i 1 ) rai i el is, tlie 

ejiiliratichial reservoir, 124 

fig. o2o, retains a coni- 
jiarative d(‘grce of sim- 
]>lielty nil til the fish is 
full-groum. 

Tlie intestinal canal, 
aft(‘r tlie formation of tin; 
mouth and- vent, retains 
its unihirin diameter, ex- 
cept where it is jiartly 
surrounderl by a mass of 
tlie cells, in which the 

liver, fig. 421, /, is developed : the gall-Vdadder appears to bo a Cicoal 
}>rodiiction from tlie intestine, iudcpeiideiitly of tlie liver. Opposite 
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the liver a tiihcrcle of cells buds out, which elongates, enlarges, 
and then acquires a cavity: this is the beginning of the air- 
bladder, ib. .s\ Many Fishes retain the tubular connection witli 
the alimentary canal, and those which ultimately lose the ^ductus 
pncumatlcus ’ usually retain for a longer or shorter peritxl tluit 
evidence of the |)lacc and mode of origin of the air-bladder, 
'ifhe posterior compartment of tho-^ur-b ladder is first devclojied 
in the Cyprinoids, whitih accounts for tlic conueetiori of llui 
‘aiivduct with that part : the whole posterior compartment dlsap- 
p(‘ars with the duct in tlie Loach. In the Herring the primitive 
jjlace of its (ionncction with the alimentary canal is retained. 

'Fhe nrcter, y, developed from the Intestiue before the embryo 
quits the ovum, communicates with the extremities of the trans- 
verse ])arallel tnhull, formed by eonlluence of primitive cells in 
the renal Idastema. The cardinal veins tnivejve or gi’oove the 
renal organs, as they do tlie Wolllian bodiiis in the embryos of 
higher Vertebrates; and this primitive relation of tb(‘ vascular to* 
the n.Mial system is not changed in Fishes liy the substitution of 
true kidneys for the primordial renal organs. In many Fishes a 
ciecal process is devclojied from the fore, or ventral* surfaeii of 
the terinlnation of the intestine, and extends forward, as a 
bladder: its growth is arrested at various stages in ditferent 
sjiccies, and it is huaned ^ui’inary bladder,’ but it isS the homologue 
or beginning of the allantois. 

The intestinal wall is comjdeted, and the fissure behind the 
liver closed, by the time the yolk is consnined. The vent o])cns, 
in the Pike, on tlie fourth day after extrlcMtion : in the Pendi 
coloured |)articles added to the water were seen to traverse the. 
inti^stine, and ('seajic ‘ per anuiii’ on the sixth day.* Previously 
the niiicuus walls of the gut are in contact, although the ])ori-* 
staltic movements are active. About the eighth day tlie presence 
of Idle is indi(*ated by the colour of the gall-bladder and ducts. The 
stomach expands, and dividi's the msojihagus from the intestine. 

After extrication the eye loses tlie clioroidal fissin*e: the iris ac- 
(luires the silvery pigment. The ear-sacs assume a tiiangiilar form : 
the two otolites grow unequally by additional calcareous layers. 

The* piimary enlargements of the encei>halon are i.’onnected, 
respectively, with the acoustic, 0 ])tic, and olfactory nerves: th(‘. 
anterior one, fig. 424, r, becomes divided into prosencephalon and 
rhinence|ihaloii; the second, O, rapidly gains superior bulk in 
conncciion with the large eyeballs, and its pineal and jiitullary 
appendages appear as vascular membranous canals, /riie cerc- 

• ^ * cccxix. p. 1S3. 
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bellum is the last part which is formed hy reflection upon the 
upper and fore part of the cpencephalon, A. 

Tlie mode of developemciit of the cartilaginous cranium 4s 
described at p]). 71-74. In the Perch a layer of cartilage-coils 
beneath the fore-part of the head is continued down on each side 
into the front b(»rder of tlie inferior traiisvei’se mouth : a second 
cartilaginous arch extends from the side of the cranium, behind 
the eyes, and supports the hinder and more prominent border of 
the mouth ; a delicate cartilaginous filament from each side of the’ 
occi])ut seeks an attachment with the basis of the raj»Idly vibrating 
pectoral fin, and j)roc.eeds to curve beneath the cardiac chamber. 
Between tins basis of the scapular arch and the mandibular arch 
are discernible several smaller arches, beneath the large car-sacs, 
of which three arc consjncuous as ‘ branchial arches,’ but the 
foremost acquires the most decided gristly structure, and is 
])roximally attached to the origins of the mandibular ar(*h : it 
becomes the hyoid arch. The first and second inferior or luernal 
arches, called ‘ maxillary’ and ^ mandibular,’ rotate forw'ard upon 
thei]’ ])iers, or j)oints of attachment, and from being vertit*al 
become more and more oblique, until the opening of tlic mouth Is 
brought to the fore-part of the head, Jind becomes tenninal in 
position; the third, or hyoid, arch, in a minor degree, takes tin? 
same forward inclination ; the arches between this and the 
scajndar one arc monopolised by the branchial oi’gans, which are 
transitory or undeveloped in the higher Ilicinatocrya. Ossifica- 
tion in the proto-cranial cartilage begins in the four ])Mirs of 
neiirapopliyses, ans^veriiig to the four Inemal arches below, and to 
the four primary divisions of the encephalon : the four verteln-al 
segments composing the head arc as instnictively illustrated hy 
the developcmeut of the skull as by that of the brain. 

The scales are formed late in all Osseous Fishes: their integu- 
ments remain smooth and Inhricoiis, as in the Dermojiteri, some 
time after the disappearance of tlie vitellns. 

After the formation of tlie embryonal, continuous fin-fold 
blastema accumulates in its dorsal, anal, and caudal regions; 
and, as the rays are here formed, the intervening membrane 
begins to Ve absorbed. The fin-rays (dermo-nenrt^js and -hicnials) 
commence near the free border, an<l elongate by approaching the 
neural spines: they there meet the inter-neurals and -lioamaLs, 
whicli grow in the opposite direction. During the f »rmation of 
the caudal rays, the end of the notocliord, in the Pike, Percli 
and Salmon, bonds iijiward, or "neurad:’ the hcterocercal type 
succeeds the prot(>c(M*cal one, and is followed by the rosuinption 
of symmetry under the more advanced ** liomocercal ’ condition. 
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This, as a rule, is the form and structure acquired by the tail in 
existing Teleostoinoiis Fishes: but the ‘hetcro(‘A?rcal ’ modification 
does not intervene between the proto- and lioino-cercal ones in 
the Gaduhe, 

The ]:)ector;d fins are developed visually before extrication, and 
arc often of large relative size : in^tliis rcsj)ect, as well as in the 
fnfe^’ior position of the mouth, in the uusymmetrical form of the 
tail, in the gristly skeleton, and uncovered gill-slits, tlie emhryo 
♦Salmon, Pike, Perch, &c., manifest transitory characters which 
are pi*rmanent in Sharks. 

Tlie singuku* productions of tlie rostrum in most Plagiostomes, 
like the elongation of the jaws in osseous sjiecics, are later 
pliciiomena of dcvelopenicnt It is iutcresting to liml flie broad, 
depressed, oljtusc embryonic form of head common to many of the 
Fishes of the old red-sandstone. ]SI. Agassiz thus accounts for the 
extreme rarity of the IchthyoHtes of this formation presenting a» 
profile view of the head: it lies in most eases upon the upper or 
the under surface of the body. 

All the Plagiostoincs luiv(j the external as well as the Internal 
division of the vitellicle, fig. 425 ; 
the peduncle of the external one ' 


d, is longer, in some sjiecics eoii- 
vSiderablv so, than in Osseous 
Fishes, and it is beset with villi 
in Qfreharias and Zjfff<mnd 
The tegumentary covering of the 
outer yolk, ib. is denser and 
more ojiake in Plagiostomcs : 
the inner yolk, ib. e, is co- 
vered only by the proiicr vitel- 
line tunic, which thin and 
transj)arcnt : it communicates 
with tlie short tract of small 
intestine which intervenes be- 
tween the pylorus and tlie val- 
vular ^traiglit gut, h ; it receives 
the external ycilk, d\ as this is 


/ 





.jirogressively squeezed into the abdomen by the contraction 
and interstitial absorption of its tunics, d : and, as no part of tlie 
fictal abdominal ajipendage is cast off, nor the chord divided, there 
is no cicatrix — no umbilicus. The arterial vessels oi* the yi)lk arc 
derived, not from the mesentcriii vein as in Osseous Fislies, but 
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from raniificatlous of a branch of the mesenteric arteiy, and the 
blood is returned to the niesentcric vein. Hunter’s preparations 
of the embryo Carcharias (No. 1001), SajUium (No. 3250), 
Spinax (No. 3255), and Ahpias (No. 3261) *, denionstrate another 
fetal }>ecnliarity which later researches® have shoAvn to be ])ro- 
l>ably common to all Plagiostomes, viz. the external fringe of 
filaments developed from the branchial surfaces, h: a tuft ext<jTidS 
out of eacli aperture, and even from the spiracula, in tlu? genera 
with those ac(‘essory openings. Each filament contains a single ea- 
j)illary loop : ^ they disappear early, being removed by absorption. 
The last remnants may be seen in the ])rcparation of the fmtal Saw- 
fish ( /V/’.s//.'?, No. 3263),^ which is eight inches in length, inchullng 
the saw, and has the duct of the external vitcllielc attached. In 


426 



.'111(1 I'-iiiliryo ; Si'jtl- 
limu. (Jiic fniirt.li iiuf.. 
ti/A'. 


the oviparous Slnirks, the braiicliial filamcnis 
react on the streams of Avater admitted into the 
egg l>y tlie apertures, fig. 426, c. In the ovo- 
vivi})arous HharkvS the size and position of the 
cloacal apertures of the uteri w ould seem ada])te(l 
to allow free ingress of sca-wniter; so that, 
wdiilst the vitellicle, ib. />, administers to the nutri- 
ment of tlm embryo,^/, the external brancliiic may 
}»erform the respiratory function. In the smooth 
Emissole ( letuW), vascular cotyledons are 
develo])ed from the vitelline (oniplialo-mesen- 
teric) capillaries, which are firmly connected to 
the uterine cotyledons ; so that here the vitcl- 
licle, like a true placenta, may perform both the 
nuti ient and respiratory functions ; the external 


branehiie disappear some time before the exclusion of tlie embryo 


and the absorption of the yolk. In the jAqmlosrreii nnnrrtr/is'^ 


three small external branchial filaments |)rojcct from the single 


opercular apijrtnrc on each side, and are long retained. 

Some of the Plagiostomous Eishes are oviparous, but not as in 
the majority of Osseous Fishes; a remarkable transposition in the 
times of tlic processes of fecundation and exclusion marks the 
distinct iofi. In the ovij^aroiis Osseous Fishes the ova avc first 
excluded, then impregnated: in the oviparous Dlagiostomes im- 
pregnation is internal, and precedes ovipositioii. The eggs arc- 
much fewer in num])cr, but their impregnation is more certain 
tlian in the scattered indiscriminate act of s})awnlng of the 
Osseous Fishes, where the countless numbers of the ova seem to 


^ XX. vots. ii. and r. 

* Kudoljihi, Lxxvi.; Kathkc, cxr. ; Lcuckart, cxxvt ; J. Davy, Litxxir. 

A. Thompson, exj, * xx. vol. v, ^ Jardinc, cxxxv.j l^ctcrs, cxxxvi. 
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compensate for the chances that may intervene to prevent the 
contact of the milt. 

§ 116, Growth and Nests of Fishes , — When develo])emciit has 
stamped tlic Fish Avith its specific characters, "rowth procreetls at 
various rates and to different degrees, according to the species 
— viz., from the size of the Stickleback to that of the Shark 
"'of thirty-five feet long {Selachv. maxima?). Carp, I^ike, and some 
other Fishes, Avliieh iiiay live in ponds or lakes ujidev eirciim- 
»stances favonrablc for continuous observjition of the same in- 
dividual, show that growth is not definitely arrested as ari adult 
cliaracter ; few Fishes, perhaps, can be called MVill-grown’ in 
the sense in which the term is apj>lied to Avarin-blooclcd V'^ertc- 
brates : but, after attaining the average size cliai*actei*istic of the 
species, individuals under favourable (‘ircuinstaiices continue to 
increase, though a cry slowly, in size. Growth is accompanied in 
many species by changes of colour, in vsoinc by a greater propor- 
tional size of the head, or by elongation or curvature of the mandi- 
ble, or by increased length of a rostral prolongation - sword or 
saw : other sjiecial weapons, as the dorsal spines of Cestracionts, 
File-fish, and Dog-fish, Jind both dorsal and jiectoral sinnes of Shoat- 
fisli, acquire length and hardness, or dmitatc borders, in the course 
of growth. External sexual chara(‘ters are assumed, as shoAvn in 
the form and structure of the Acntrai fins in some Osseous Fishes^ 
in the groAvth of the ‘ claspers ’ of Plagiostomcs, and of the mar- 
sui>ial folds or pouches of Lophohranclis. In the Dolphin (Cur/y- 
jdiama')^ the cranial crest and fore-part of the dorsal fin gain so 
iniicli propoj’tional lioight that young individuals of even Iavo 
feet in length Avere referred l)y Cuvier to a distinct genus 
{iMmpuf/usy^ 

In a feAv instances the changes accompanying growth amount to 
a metamorphosis. Tlie edentulous state of the young Lamprey, 
and the semi<jircular form of the iqiper lip, are excliangcd for tlie 
suctorial multideiitate mouth, shown in fig. 277, The external 
brancliial aperture>s enlarge, and the fun\)Av in Avhich tliey at first 
open disapjiears. The perfect form of tlie Lamprey is not attained 
until the fourth year. During lialf or two thirds of tha^ time, the 
groAving Petromyzon presents a form Avliicli ])asses as that of a 
distinct genus of Cyclostomes (ylmmoccefes),^ The Lcpfocephali 
are probably larvai of some larger kiioAvn fish : they have never 
been observed with roe or milt: the same may prove to be the 
case Avitii Branehiostoma, 

In almost all the Teleostoines the body of the young is morC;^ 

* CCOXXXvnV ® *CLXxiA'. ii. p. 405. * cccxxvii. p. 323. 
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sloiulor than that of the mature fish, or the hoiglit of the body is 
less in comparison Avith its length. The eye ceases to grow long- 
before the Iiulivldiial lias attained its full size ; so that old fishes 
have comparatively smaller eyes than young ones. The form of 
Fishes is altered by changes in the shape of fins, by the develope- 
inent or hy the loss of spines belonging to the opercular api)aratus 
or to tlie fins; as in the following examples. 

^ a. Some of the fin-rays arc prolonged with age iftto long ^ 
filaments : si»e(*ies of Anfhias, Pagras, Jyph/ppn.s, Canhmt/rtfi/s, 

^ h. the fin-rays are prolonged in young individuals, 

but the filaments arc worn ott* with age: Lophufs^ Echenris, 
Praclii/notus, 

^ (\ Ci^pliahicanthus is merely the young of Dactyloptenis ; 
the pectoral fins are short in tlic young, and become with 
age so long as to serve for an organ of flying in the adult 
\.Dactyhpt(n'ns). 

^ (J. In some siiccies of T/u/r sites ami 6Vmpj////.s the ventral fin 
is reduced to a very small s]>ine, which in the young IkS very 
long, nearly half as long as the head. Sometimes the yoimg 
has vmilral fins, whilst they arc entirely absent in llie adult: 
Strnmah'ii.^, 

e. The young of almost all the Cavfnu/idai have the prieoper- 
culuiu armed, like a Percoid : this hone is entirely smooth in the 
mature lislies. 'J"he same in iMhruit. 

\f. Some fish have no visihlc, or but a rudimentary, spinous 
dorsal fin; this fin is very distinct in the young: JJnnna, Platax, 
Stromaieus. 

^ g. Large prominences of the skin arc developed, which are 
absent in the young: Cgcloptcrus, 

‘ h. ]\Iany of the well-armeil Silurouls have the osseous (Carapace 
on the head and neck more or less covered with skin in early 
jjge: the dorsal and iiectoral spines are more feehle in the young 
than in the ohl.’ ^ 

Hiere are few fields of Natural History that return more nialtv 
rial reward for scientific labour tJian tliat relating to the gcnei-Mtion 
and growth of Fislies. The mercantile value of the Salmon, 
and tlio necessity for basing laws that arc t()^‘ operate in its 
preservation upon a knowledge of its natural history, have led to 
interosting observations on its growth and migrations. 

Mr. Sliaw,^ oliserving ova spawned on January 10th, no- 
ticed dark cyc-specks and some movement of the embryo in 

• Eor tlic above examples I am indebted to iny colleague, I)f. A. Gliutber. 

^ exxiv. • ** 
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the ovum on February 2Gtli, that forty-ei^lit days after being 
<]e]>o.sltccl ; and on April 8th, or ninety days after Impregnation of 
tlie ova, the young were excluded. They measured jihs of an 
inch in length; the vltelliclc being “ths of an inch in length, 
oblong in form, and of a light red colour : the tail was margined 
like that of the tadpole, with a continuous fin rimuing I rum tin? 
"(hu'^al above to tlie anal Ix^neatb. The vitelUnc sac and its con- 
tents were alisorbed l)y May 3()th, or in about fifty da}'S, until 
wliich time tlie young fish did not leave tlie gravel oi‘ tlie liatcli- 
ing- pond. This (luieseent state in their place of concealment, Irom 
the period of exelnsion to the absorption of the yolk, seems to 
be (‘ommoii to Osseous Fishes; but the time varies in dilferent 
species: it is much shorter iu the Tencli, Ferch, or Pike, ibr 
example, tlian in the Salmon. AVheii the young Salmon mea- 
sures an inch in Icngtli, the vertical fin begins to divide itself into 
the dorsal, adipose, caudal and anal fins ; and the transverse bar^ 
on the sides of the body make tlieir a[)])eararico. It is very active, 
and continues in the shallows ol* its native stream till the fol- 
lowing spring, wbcTi It has attained the length of from three lo 
four inches, and is calhal the ^ IMay-parr.^ in this state* th.e 
‘ parr ’descend into deeper parts of the river, and are believed by 
]\Ir. Shaw to remain there over the second winter. The weaker 
ones do so, but the stronger fish proceed to the estuary at. 
once. In April, the caudal, pectoral, and dorsal fins assume a 
<liisky margin ; the lateral bars begin to be concealed by a silvery 
])igment; and the migratory dross, cliaracteristic of the stage 
(‘ailed ^ smolt,’ is assimmd. Such iisli begin in April iind Alny 
to congregate in shoals and to migrate sc'award : tlu‘v rciturn in 
•Inly and August, of a size ])roportioii:ite to tlie length of 
their stay in the estuary. A smolt may not exceed two ouncCvS 
iu weight when it goes to sea: after a few months there It may 
have grown to a ^grilse’ of eight or ten pounds’ weiglit : ^ at 
two years and eight months old it hecimics a Salmon of from 
twelve to fifteen pounds’ weight.’ * It may subseipumily ac(|nIro 
a bulk of forty |)oiinds’ weight, and upwardvS. 

In Abe Sf/m/naf/ius acas the sexes come together in the month 
of April, and *the ova pass from the female and arc* Iran sfcrred 
into the sulicaudal pouch of the male, fig. 42(), //, being fecundated 
in transitu^ and the valves of the poueli immediately close over 
them. In the month of duly the young, ib. <>, are hatelied and 
quit the pouch ; but they follow their father, and return forslielicr 


* (7CCXXV. p. 160. Expcriinents on marked fish have [ivovcd this extraordinary 
rate of •c<^xxxiv. p* .'57. 
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into tliclr nursery wlien danger threatens.* In Si/iifpiathua 
ophidian the male carries the eggs under the flat abdomen in cells 
placed lengthwise in three rows.*^ In the 
male Ili[)pocamp the marsn])inm is subcaii- 
dal, opening by a vertical fissure just below 
the vent.® In the llolconoti the young ae- 
fjuire full developcment, perfect gills, and a* 
size one third that of the parent,, before 
quitting the ovarian marsupium.^ 

Both Salmon and Trout excavate the 
gravelly bed wliieli they select for s{)awiiing ; 
and the ova may be found from one to two 
feet deep in this stony nest. The Stiek- 
leback (^Gastcrostnis aculratus) fabricates a 
more artificial nest. Aristotle signalises the 
* sin(‘,c recognised as a .Mediterranean 

mmWM J^pceies of Gobim^ as the only sea-fish that 
d makes a nest and deposits its spawn thennn, 

hIk w confirmed the statement, and describes 

Ullg j] tlio nest as being comjMiscd of sca-weods 
^ zostera), adding that tlie male fish 

mifil gt^f^rds the iemale during the act ol* ovijiosi- 
tion, and the young fry during their deve- 

A-wl Dr. Hancock has observed similar habits 
JB 1 in certain fresli -water S.iluroid Fishes of Dc- 
AwH incrara called ^ llassars,’ which belong to the 
jHlrajli genus Callichthysi the Ilound-licaded Has- 
tK forms its nest of grass ; the Flat-headed 
1 leaves. ^ They are monogamous : 

I pHK female remain by the side of 

1 WbV spawn is hatched, with as 

jMU mucli solicitude as a hen guards her eggs, 
Jlfw and they courageously attack any assailant. 

Hence the negroes Irequcntly take them 
JB^ hy putting their hands into tlie water .close 

MW to the iK'st ; on agitating which, the male 

Hassar springs furiously at them, and is 
M!ir.siii»ial pcm li f^yn/ptoUivs thus captured.’® 

§ 117. Fcoundatimi of liqdiks, — Sala- 
manders, X,ewts, Frogs, and Toads arc generally apt for breeding 


* Eckstrocm (1831), quoted in xxxix. ii. p. 327. 

^ XX vol. V. p. 67, prep. no. 3*2‘i*J. * Ib. no.* 3223. 

' xxui. t. xii. p. 6. ® CCCXXVT. p. 244. 
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when they have attained their third year. As the season of impreg- 
nation approaclics, the expansion of tlic abdomen, unf(;ttcred by 
costal hoops, becomes enormous, especially in tlie females. Tlie 
nuptial tints arc assumed, the yellows and pinks ])eing brightest. 
^ The males of certain Xewts acquire the dorsal crest and a broader 
fail-fin, aiding in the manoeuvres required for the internal inqtreg- 
nation. The male of the large AVlirty-Ncwt (^Triton crlHfatus) in 
the spring scas<ni seeks the female and pursues licr, vil)rating his 
tail with a motion likci that <»f cracking a whip, and, with a rapid 
evolution the tumid labia of the cloaca in the two sexes arc 
brought into contact, «and the spermatozoa get access to the 
oviduct: the pair sink to the bottom. The SalarfHindra jnjyynica 
of Ilouttuyii (AVi/. Uiif/ideiilata^ Schleg.) at this season has a claw 
on each digit of the fore limb. The male Frog acquires the 
(lark-coloured swelling of the radial digit or tlminb, by which 
he is better able to retain the female iti his grasp during the long 
protracted business of impregnation. The larynx of the 'Poads, 
and cspee/ially of the male Pljia, now gains its Itdlest devclope- 
inent and loudest power of croak. Lizards and Serpents exhibit 
tluiir brightest colours : in the male Constrictors the coj)ulMtoiy anal 
hooks become conspicuous. The anal scent-glands are in active 
iimidion in both groups. The male Crocodile, like certain fishes, 
fights for the female: the musky odour emitted by the submaxil- 
lary glands pervades their haunts at this time. Many Chelonia 
show sexual difference of form. In Land-Tortoises the plastron is 
concave in the male and flat in the female. In the ijjioHtenioldcp. 
the fore part of the cara|)acc is broader in the female, and rite tail 
is long(?r and stronger in the mal(», which has also a patch of 
rough scales beiwocn the thigh and leg, not ])rcsent in the female. 
In the Triimycldai tlie tail extends beyond the rim of the shell in 
the males only : it is a mere stumj) in the females: besides this differ- 
(mce, the male of Trionyx i^Aspidoncctcs sphtifir^ a sllghily 

oval form ; and the spines along the front margin, and the tubercles 
l)(d)ind them and on the hind ])art of tlic cara[)aee, are l(‘ss proini- 
mmt. In Trionyx ( IHatypdtis^ fh'ox the latter character is reversed. 
In tliC Einydians the body of the male is usually Ihitler and 
longcu’ than iuothe female. In copulation the male iinhints on the 
• back of the female : JCmys pirta performs the act wlien seven 
years- of age ; the female docs not begin to oviposit before her 
eleventh year. Additional ova are devidoped in the ovary after 
ihe^ first copidation, and a certain number of those already forjned 
begin to acipiire a larger size, and ^ go on growing for fouV successive 
years before/ they are, laid ; ’ thus the species is enabled to lay 
annuirily from live to seven eggs after it has reached its eleventh 
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year.’ ^ Although the Emy cllaiis lay once every year, soon after the 
j)eriod of copulation in the spring, the coitus is repeated a second 
time every year in the autumn, shortly before the species rcturu to 
tlieir wiiiter quarters :• and Agassiz concludes that in Ihnydians ‘ a 
repetition of the act tAvice every year, for four successive years, is 
necessary to determine the final develo])emcnt of a no individual. 

§ 118. Oriposftion of Jivpfilcs. — T do not know particulars, oi* 
this process in the Porennibranchiates. Some Newts f Triton 
c. g.) deposit the eggs upon aquatic plants {Pol//f/onn*ni 
IWsirarla^ e. g.), folding tlu; leaf by means of the liind feet in 
such a way tiiat its under surface is turned inward, and the fold 
made to stick by the adhesive coating of the egg which she inserts 
in the fold. Our smaller Newt ( Liasotrito/i puuctatus, Hell) fre- 
quently glues the egg in the axilla of the leaf.''* 

Oviposition of the Frog takes place during tlio .sexual embrace 
qt the bottom of the water : as each egg is extruded, iti.s fertilised, 
and, the chorioji absorbing water, the egg acquire.^ a diameter of 
about three lines, the coloured vitellus ajqiearing as a dot in the 
middle of the trans|)arent jelly : the ova adliere hgetlier in a 
inavss, and this is usually flouted to the surfacHi liy disengagement 
of gas in tlie substance of the glairy ciivehqje. 

The ova arc cxclmled under similar circumstances in the Toad; 
hut ill a long string of jelly, in whhdi they are anunged alter- 
nately in a double series; the string may be a sixth of an incli in 
diameter and from tliroe to four feet in length. In tlui obstetric 
T(jad ( /lb/fc,s)f tlie male inqireguates in water, assists in the exclu- 
sion of the eggs, causes them to adhere to liis own hind legs by 
small pedicles, and tlicu seeks the land : only wlien emliryoiiic 
developemcnt is siifliciently advanced does lie leave his place of 
coiieealment, and lieUikc himself to the water with the young brood 
Avith Avlucdi he levs ciiarged himself. Tiie male Pijia is asserted to 
]>lace tlie eggs u])on the back of tlie female, which give the stiinulns 
to the formation of the cutaneous cells in wlvich the Avliole conr.sii 
of mctamorpho.^is is completed, fig. J1G7. In Ojiisttiodvlphijs and 
Nototremn, the ova are transferred to the common pouch of the 
dorsal integument, de.scribed at p. .588. , 

The connhoii Hinged Snake (^Nairix torquata) excludes the eggs, 
sixteen to twenty in number, connected together by a glutinous 
coating, usually in some femicnting mass of decaying organic 
matter, whcreliy they arc often transported and spread abroa<l in 
the manuring of field.s and gardens. The Vijior i.s not subject to 
this ovi])osifing cause of dispersion, and the confinement to a limited 
locality would seem to be the condition of^the vivipiVity of most 
* rcc. Part iii. p, 491. * cccxvii. • 
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or all poisonous serpents. It affects, however, the Imrrnlcss Slow- 
worm (^Anrf uisfrac/iUs) and nimble lj\7Am\( Zout()ca ricipara)^ betli 
of which usually [)rodiicc their young alive. An Aiucricjin Boa 
Constrictor brought forth living young, and also eggs, in the Zoolo- 
^dcal Gardens of Amsterdam.' The old world constrict iiig serpents 
would seem all to be ovij)aroiis; biit instead of excluding the eggs 
wheve they w^ould have the advantage of extraiieons lioat, they are 
ainxnged»l)y the female in a heap around which she coils herself 
in seri(‘.s of progressively decreasing spirals, constituting a 
pyramid of which the head of the Python fovjns the apex. 

The la<?t has hcen observed in respect to spc'c/ies of l^vtlion in 
India : Col. Al)I)ott, in a commu ideation on this subject to the 
TjoiuIoti Zoological Society, states tliat the incnbalion lasted more 
than three inontlis.^ JMore exact ol.>servalions have been made on 
ca]>tive Pythons. In the Pt/fhort biviltatns^ in the ‘Janlin des 
Plantes,’ at Paris, copnlatiim took ])lacc on the 22nd of , January,# 
and the acd xvas often repeated until tlie end of February. On 
the nth of May, the female excdiided fiftecji eggs, between (> a.m. 
and 9*M() The eggs were all sepai-ate, of an elongate oval at; 

the inonieiit of exclusion, xvith a llcxible gre yish-coloured shell : 
they soon swelled into an elliptic shape, botli ends b(H*oming equal 
in size, and the slicll, as it dried, became liard and of a i)nro 
xvbite. The teinperatni-e of the female augments several degrees 
above that of the surrounding atmosphere, and is very sensible to 
the touch when she has disposed herself in incu])ating coils about 
her eggs. Bctweeii the 3rd and 7th of fhdy tlic eggs 'were 
luitchcd. The mother did not eat during tlic incubating period, 
l)ut several times drank xvith avidity water wliicli was offered 
to h(*r, indicative o(* a sort of febrile state. The lieat of the body 
gradually fell towards the end of incubation.^ 

A similai* jdienomenon in tlie cas(? of a Pt/thon ScUc ox('lted 
the public curiosity at the Zoological ( iardciis of London In ISOI ; 
the temperature of the body rose to 9(P Falir. between the incu- 
bating coils.' 

The Lacerta (ajiVis lays her eggs, from twelve to fourteen in 
numlxw, in hollows xvhicli she prepares in the sand, and, liaving 
deposited the eggs, covers them with sand, and leaves them to bo 
diatched by sol ar beat. The Iguana oviposits in the holloxvs of trees ; 
* the eggs, about forty in number, arc oblong, al)out an iiicb in 
length.'^ Most of the Lacertllia arc ovi[)arons ; but the details as 
to their ovij)osition are scanty : the shell is slightly calcaroons. 

„ All the Chelonians are oviparous, and the shell is calcified 

* cccx\\vn, p. 3G8. • 2 Ib. p. 18S. ® oc'cxxiv. 

• * cccxxxvii. p. 367. * CCCXXXJX. 
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iihnost as comj)letcly as in the bird, though in most retaining 
some ficxlbillt}^ In the Painted Terrapin (Ernf/s jrictfi) the ovjx- 
lian e<j:Q:s do not show much dlftercnce in size until the seventh 
year, and ovi position does not begin before the eleventh year, 
Agassiz is of opinion that all American J{lniydians begin to lay^^ 
eggs from the eleventh to the fourteenth year, Avhen individual 
growth is cheeked and proceeds more slowly. Eacli sp^cieVs 
makes a single nest, and lays the eggs of that season at one time.^^ 
Emijs picta digs witli the hind legs a perpendicular liole near the 
stream she frtiquents, and may repeat the oi)eration several times 
before selecting one as fit for oviposition : in this she de])osit.s 
from five to seven eggs. The Snapper (^Ckeh/dra sfnjmilma) exca- 
vates at first directly downward and then laterally, making the 
widest part of the bole Avlicre ibc eggs arc dcpt)slted on one side 
of the external oi)ening. Wlmu the cggvS arc laid, the female 
-tramples down and smooths over the earth, so that, when dry, 
tlie place is liardly noti(‘(?able. She lays from twenty to forty, 
about the size of a walnut. Chwstin'uou lays only from three to 
five eggs. Nanewi/s piittata is usually limited to twc) or three 
eggs, Ijand Tortoises raredy lay more than four or five eggs at a 
season, and make the nidamental burrow in dry ground. The 
(lopher {^Testado enroUna^ L.) has a dwelling burrow, but forms a 
s(iparatc cavity near its mouth for oviposition : in this tlie ffanale 
lays five eggs, tlien fills the nest up with earth, and flattens it 
down smoothly by her own weight. 

The Tri()ny(M(B lay from twelve to twenty eggs, or more, of 
the shape and size of a muvsket-ball, in a hole in tlie sand near the 
Avater’.s edge. The shell is thick and brittle. 

The Sea Turtles Spharyh) are the most prolific of the 

order. They oviposit in IMay or the beginning of June, in dry 
sand, on tlie shore aliovo high-water mai*k. The female selects a 
still moonlight night, when her senses of hearing and seeing may 
liest avail her to detect an enemy. If satisfied, she proceeds to 
scoop out the sand with her hind fins, using them alternately, and 
when the sand lias accumulated behind her, she scatters it abroad 
by violent jerks of the jiaddlcs; a hole being made between one 
and two fc'ct in depth, the eggs are dropped in oiuc by one, and 
disposed in regular layers to the number of from 150 to 200.- 
Tlie period of the entire operation may be half an hour. Wluui 
concludiMl, the 'fiirthi stjrapes the loose siind back over the eggs, 
and makes tlie surface level and .smooth. 81io tlum retreats to the 
water, and leaves the hatching of the eggs to the heat of the sand.^ 

* ccc. Part iii. p. 500, Audubon, quoted in ceexvir. p. 4, and ccC. Part ii. p. 028. 
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The Crocodilians, like the Chelonlans, arc all oviparous, and 
the process of ovipositioii is very similar. The of an elli|)- 
tical form and with a firm calcareous shell, arc Imrlcd on tlie 
shore, and left to hatch by extraneous heat. 

^ § 119. Dcvchpemintt of Batrachicu — After impregnation of the 
batraclvian ovum the dark or germinal part of the yolk is always 
uf)pej'most, and its central point may be defined as the genninal 
pole. Here begins, usually about three hours after impregnation 
in the Frog, fig. 4d2, lu the process of segmentation,^ by a fissure 
which passes in a determinate direction tlirough the canal of the 
yolk, dividing it into two ellipsoid masses, ib. A About the fiftli 
liour a second cleft ajjpears, near the poiiit where the first com- 
menced, crossing the first at right angles. If an ovum in this state 
be frozen, it splits into four segments of a sphere. Fissures next 
appear, which, in relation to the two foregoing, might be termed 
^ efiiiatorial,’ but with varieties exemplified in c, /', </, fig. 4o2. New 
'■ ineridional ’ fuiTows follow, ib. A, crossed again by other ^erpia- 
torial’ ones, until the surface of the yolk presents the form of a 
hlackberry. Further subdivision i>roce(‘(ls to such an extent as to 
render tlie surface again ai:)parcntly smooth. This series of pheno- 
mena, resulting in the formation of the germ-mass, oeeiipics about 
twenty -lour hours, or loss, according to the temperature. The 
fissures at their first apj)earancc show minute lines at right angles, 
indicative of the molecular movements causing them. After the 
surface of the yolk has resumed its smootlmess on the completion 
of the germ-mass, j)eripheral cells bc(M)me filled Avitli dark pigment, 
and constitute a genenil ‘ cambium’ or outer Investment, fig. 428, a. 
At the point where the formation of this in\H‘.stmoT\t, as W'dl as of 
llie germ-mass, began, an eminence appears by the dcvelopemcnt 
of new cells beneath the investment, wliieh loses its colour at this 
])art, indicating the first rudiment of the ejnb)‘yo as an oval clear 
si)ot, divided at its hinder end by a crescentic fissure from the 
contiguous yolk, and Avith its anterior end sunk therein. The 
embryonal cells, as they aecunnilate, assume a polyhedral figure, 
and tlieir different strata arc seen by transverse sections. TJic 
first superficial appearance of the embryo is an oblong rising, 

* The phciionienor>of the division and subdivision of tlic yolk in animals was first 
©hserved by Prevost and Dumas in the ovum of the Frog (Aimalcs dcs Sciences 
Nat. t. ii., May 1824, p. 112). Franz Baner, in the same year, delineated partially 
the same important phenomenon, in the beautiful drawings which lie prcjiarcd for 
Sir Ev. Home (ceexvi. pis. v. and vi.); but his employer had no appreciation or 
comprehension of what w.as thus shown him. Bergmann delected, in 18 IJ, the 
hyaline nucleus in the centre of each subdivision of the yolk ; and tlie Vombiinition 
of the sjiermatiscd* cell progeny of the germinal vesicle with other elements of the 
yolk* substance ap^^ears to be a Accessary prelude to sogmeiitatioii. 
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largest at one end, and impressed by a slight longitudinal fissure. 
The rudiments of ilie ncMiral axis arc first recognisable in tlic two 
parallel longitiuHual elevations (^primitive trace’ or Mauiinm 
dorsales,’ ib. m, n) bordering the fissure. lieneath these is at t!ie 
same time forming the notochordal rudiment of tlic vertebra^ 
column, ib. c. The all)imiinous principle is concenlrated in 
vt, the gelatinous one in c: this chemical dinerentiatioii th»(^s 
jiot afiect n. The polyhedral colls extend the vei'tchi-al layer 
on each side of the ^ primitive tracts,’ which also increases 
in length : the neural columns, at first flat and horizontal, 
rise at tlicir outer margins, approximate, and nltiinalely unite 
above, where tlioy arc covered by tlie ])eripheral cell-layer, a : 
they arc also dc'fendcd by the nas<‘cnt iieura])o])hyscs, ib. n. 
Meanwhile the ‘ animal ’ layer is extending laterally, il). />, beneath 
the investing membrane, r/; and the ceplialic 
end of tlio embryo enlargers and raises itself 
irom the yolk-bed. A section of the ovum 
just ]>rior to the coalescence of the ‘lamlnie 
dorsales ’ to form tlu', neural axis, as in fig, 
42<S, shows, tlio (lark investing membrane, 
or ^ cambium ; ’ the musculo-tognnnmtary 
layer, inedosing the whole yolk, ; m, the 
my(doijal columns ; r, the notochord ; //, the 
blastema, in which cartilaginous rudiments 
(»f the neurapojdiyses begin ; the cavity, 
beneath ihe genu due to solution of llie 
yolk-snl)stance. On the ventral aspect of the embryo layers of 
(*clls have l)een forming two parallel ridges proji^cting into tlie 
yolk; and tlie intermediate space is converted by liquefaction of 

cells into a ])rimitive alimentary 
groove. I>ut all the systems and 
organs for the sujqiort of the 
embryo begin to be devclopetl 
alt(n* the main basis of the neural 
a]id vcrt(d)ral jnirts has been 
established. 

Figure 429, Ai, gives a view of 
the embryo of the Frog .from 
the dorsal aspect, sliowing tlio 
my clonal columns at the jierlod 
of tlicir meeting above the mycloiial (‘anal and the commencing 
cncephalid expansion, the extension of the neuro-vcrtcbral tracts 
outward, and the indication of htemal. arches ot the cephalic 


42D 



Kml>i-yit oC ilio Fr<ij?. co.vw'viii. 


42S 



of jMik mill 
(•'IM!,', !!i;i;ril, I..VXf V. 



DEVELOrEMENT OE BATUAOIIIA. 


(321 


segments. In b, the cervical constriction l)eglns to define the 
head Irom tlie irnnk : the coinpletc coalescence ol‘ the myclonal 
tracts obliterates tlie linear tra(je of tlic median furrow, and the 
neiirapophysial rudiments border the inyelon. The embryo and 
t^ts supporting yolk-mass are separated fi-om tlie chorion 1)y a clear 
iiuid; and in the above-figured stages of (levelopemeiit the ciliated 
cf)itl;elium begins to act upon thcHuid in the direction indicated 
liy the ivrrows, proceeding backward and downward along the 
sldbs : the currents are strongest on the luemal arches, from wdiieli 
the branebue are about to be developed. Iii.tbo mass of em- 
bryonal cells between tlie ce[»lialic enlargement of the embryo 
and the yolk, the heart, fig. 431, /*, is foriiKMl, Avliich l>cc(nnes 
hollow, and pulsates before the red blood appeal’s; wlien the 
coinmunicatiou with the system of vCkSvScIs is established, the 
heart projiels blood, at first pale and with spherical corpuscles, 
in channels formed by ll(pieraction of c.ells in the blastema of 
the second liaimal arch ; and these primary vascular arches esta- 
blish the communication with the longitudinal aortic trunk simi- 
larly 1‘ornicd along the under ])art of the notochord. The blood 
returns by venous channels along the yolk, now progrcssividy 
becoming inclosed by the lateral intestinal plates, and tluj simple 
circulation is complete. 

From the suhstance around the vascular arches are formed as 
many branchial arches, as subordinate develoiicnients from the 
second primary haniial or visceral aridi; 
and from the branchial arches are 
budded the succession of viiscularloo[>s 
and coext ended ciliated integument, 
ttonstltuting the outer gills on each 
side of tbc batrachlan larva, fig. 430. 

In the magnified portion of the gill, c, 
the arro\vs indicate the direction of the 
ciliary currents. Soon after the aj)- 
liearance of the heart, and of tlie arches 
which encompass the ])riniltivc bucco- 
brancjiial cavity, a pevicardiuin, lined 
witli epitlielial^cells, is formed around 
, the heart. Bchveeii the cephalic hamial arches interspaces are 
o|)encd, communicating with the bticco-branchial cavity, and from 
one of these the liudding gills begin to protrude. 

The growth of the neurovertcbral axis is clucfly longtlnvise, 
and, as it proceeds, its two extremities lift tliemselvcs above the 
level of the/ rest of die germinal basis ; the shorter and more 
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obtuse ns the head, the more acute aud louger free part as the 
tail. In this growth the amphibian passes from*a state in which 
a longitudinal section would show it supported by a spherical 
yolk, to that represented in lig. 431, in which the vitelline, or 

^ lueinal,’ portion pre^^ 
scuts a scniioval section, 
h V : it is inclosed, 9>s 
lig, 428, by tke liicmal 
prolongations of the ‘or- 
ganic layer fonning the 
abdominal parictes, «, 
and lined by the * mu- 
cous ’ layer, i: this be- 
comes dificrentiated as the tunics of the alimentary canal, inclosing 
the vitcllus as the primary contents of such canal in all Bntrarhia. 
^The canal now communicates with the bu(*co-branchial cavity ; 
ami this ojanis externally on the lower part of the head by a 
vertical fissure, on (jach side of which a small protuberance buds 
out, forming a special organ of adhesion — a pair of temporary 
cephalic limbs. A pair of branchiae budding out from the gill- 
aperture, the whole yolk being now closed in by both the in- 
testinal and cutaneous layers, and the tail liaving gained its 
mnscular segments and cutaneous border-fin, the little tadpole, 
by increasing vigour of its movements, bursts the cgg-rncm- 
branes and comes forth. The external stimulus which most 
iulluciiccs this stage is warmth. In Italy, lluscoiii observed 
the eggs of the Frog to he liatchcd in four days; Bauer 
figures one extricating itself, in a Avarm spring, at Kew, after 
the filth day:* in a cold spring, it may he prolonged throiigli 
four Avecks. In Ahjtes ohstetriams, the dcvclo])cment of the 
‘ mucous’ layer ])roceeds to form a convoluted intestinal canal 
before ^extrication.’ In Raua esciilcnta^ arid’ probably otber 
Frogs, tire vegetative oigans arc later in devclopcmcnt, and the 
cavity, fig. 431, hv, lias not assumed the intestinal form Avlieii 
the embryo quits the egg : but in all Batrachia the Avholc yolk is 
Avanted for the formation of their long S[>ira]ly Avound larval gut. 
Herein is aVliffcrential cliaractcr hetAveen the BaUachian and the 
Fish. In the latter, the supply for the mid-period of develope- « 
merit is received, primarily, from the vascular rather than from 
Ihc digestive system, and a part only of the yolk is required for 
the formation of the straight and simjdc intestinal canal. Ac- 
cordingly, the mucous layer, as in the diagram, fig. 432, in 
* cccxvr. j»I. vi., Hg. 1 a. • • 
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forming the intestinal canal, A, excludes a portion of the yolk^ v : 
the tegumentaiy or ‘serous’ lay- 
cr, rt, accompanies the ‘ mucous ’ 
layer, z, in tlie process of. severing 
^lie vitelline from the intestinal 
cavities, and an outer yolk, or ‘ vi- 
t^lllcle,’ results. 

liie epihryo of the Frog is cx- 
‘trieated at a less advanced stage 
of develo])ement than that of any 
other vertebrate animal : the neu- 
ral lamiine have united along tlic .orur.r^ jcM^bryo of 

trunk, and two of the hieinal arches have becon>e com}>lcte 
below the head, but, In utlicr parts, tlic neural and hiemal canals 
ai*e closed only by the corresponding lamiiue in a state of mem- 
brane, the original investing membrane of tlic yolk being retaine<l 
over all. 

After extrication, the tadpole rajiidly grows, and tlie chief 
change of form is witnessed in the gills: each of the two lateral 
gills puts fortli four plates, ^vhich liavc vascular and riclily ciliated 
surfaces, fig. 430, c: a sliort additional IcaHet is sometimes devc- 
lo[)ed from the base of the hinder gill. ‘ The current of the 
blood poured in regular pulsations at each contraction of the 
lieart passes up each stem or main branch of the bran(?hia3, and a 
distinct stream is given off to each leaf ; it is jiropcdled to the 
extremity, and then returns down the opposite sides in tlic most 
regular manner, and the parts arc so transparent tliat every 
globule of blood is distinctly and bcantifully visible.’^ 

The first entamjous mouth is defined by epidermal jaws, in the 
form of a very short transversely extended beak, fig. 433, :22, sur- 
rounded by a lip armed with minute rasp-like denticles, and aided 
by the ]mir of cephalic suckers projecting behind tlie mouth. The 
wide ] diary nx, communicating also with the outer world by the 
Literal branchial slits, is extended jiosterlorly liy a short eesojiliagus 
to a simple gastric enlargement, beyond which an equally simple 
intestinal sac, laden with the remnant of the vitellus, gives issue 
to a short and straight rectum, which is continued io the long 
, tegumentary and transitory cloacal canal at the fore-part of the 
• subcaudal fin. The contained yolk, fig. 431, hv, Is not, as in Fishes, 
fig. 432, V, a mere ‘food-yolk:’ it is part of the germ-mass, and 
consists of the embryonal cells, with their nutritions oil-globiilcs. 
Whilst, tlierefore, it serves to nourish the growing emhryo, it also 
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contimics to be the seat of progressing devclopcmcnt, and coil 
after coil of intcsllne. is formed between the duodenum before, 
and tlie rectum behind the primitive simple vitelline sac, the 
coils being disposed in a close double spiral, fig. 4.‘>3, /• Thus, 

I lie fully developed larva is provided with an alimentary caiial^ 


433 



Dintrrani of the aiititoiny of tlio Ta.lrinh!. 


adapted, by its length and complexity, for the assimilation 
of the decaying vegetable matters wliich chiefly constitute its 
food. In the converKsion of this digestive a])j)aratus into that 
of the purely carnivorous Frog, the horny cutaneous beak is 
ebanged into a- wide inontli formed by well-ossified jaws, the 
lower one armed witli sliarp teeth, 'ilic brancliial pharynx is 


contracted and closed at the sides, exceid where it communicates 

with tlie oars. The aisopha- 
gus and stomach are eloiig- 
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ated ; the intestine is marvel- 
lously shortened ; the rectum 
contracts, and is found to 
open, after the absoi-ption of 
the tail and cutaneous auid 
fold, just in fnmt of the 
syin])hysis ])ubis, now com- 
jjJeted 1)y the developemcnt 
of tlie hind limbs. Whilst 
tlie heart, as a bent tube, fig. 
4.34, /i sends off the branchial 
arteries from its ^orc part, it 
is connected l^chiud with ves- 
sels ramifying on the vitcl-, 
licle, ib., h: a portion of tliis 
is soon seen to be marked 
oft“ from the rest, th(3 


basis of the future liver and pancreas. 
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The embryonal cells that lay the foundation of these glands, 
fig, 434, are situated in the angle between the intestinal yolk- 
mass, ib. and the stomach, ib. c ; not behind it, as in Fishes, 
fig. 435. They form a hollow gland or ciecum with a wall of enm- 
^>acted cells ; and, after a communication has been established with 
the gut, other cavities or ca>ca pullulate in the ccll-blasterna, and 
* the ^iver becomes consjjicuous. ‘ N*bwhere,’ says lleichert, ^ is the 
new geiuivation of cells Avlthin parent-cells so obvious as in the 
blastema of the liver and pancreas.’ ^ The })rlmordial kidneys, or 
dc-azotising oi'gans, have now begun to be developed between 
tlie aorta and the intestinal plates, and the ducts of tliese, 
together Avith the anal }irolongation of the intestinal tul)e, open 
upon the temporary tegumciitary vent. In the Tadpole, as in a 
Fish, the mouth is destitute', of tongue, but at the entrance of the 
mouth over the li|)s avc find among the cartilaginous teeth at 
that region numerous conical-shaped bodies. These labial papilla^ 
consist of an external border of ])rismatic epithelial cells provided 
with cilia. The tongue makes its appearance when the fore limbs, 
fig. 433, 54, 55 , arc evolved. The habits now alter: the Tadpole 
no longer feeds on decomposing vsubstanccs, and cannot live long 
immersed in Avater. As the tail of the Tadpole atrophies, the 
fungiform papilhn appear njKm the nascent terngne, increase in 
size, and acquire the permanent complex form. 

Soon after the extcjrnal gills have reached their full dcvclopc- 
ment, they begin to shrink, and finally di.saj)[)ear ; but the 
branchial circulation is maintained some time longer upon the 
internal gills ([). 516, fig. 3*45); these consist of numeri)us short 
tuft-like processes from the meml)rane covering the cartilaginous 
branchial arches, fig. 43,>, 47: they arc protected by the groAvth 
of a membranous gill-cover, Avbieh, as the external branchiie arc 
absorbed, leaves only one small extcrmil orifice, by which the 
branchial streams admitted by the mouth continue to be expelled. 
Tliis orifice may be very plainly seen like a crescentic cicatrix, 
a little bcliiiid and beloAv the left eye, in the larva of the Itana 
jKiradoxaJ 

The^ chief distinction betAveen the fnlly developed brancliial 
circulation in tl^c Batrachian larva and that of the Fislf consists in 
„thc presence of small anastomosing channels, betAveen the branchial 
artery and vein of each gill, proximad of the gill itself. 

The part Avhich these anastomoses play Avill be understood by 
the folloAving description and figures of the vascular transformation 
as observed in the iNcAVt. When the gills are in liill def elopement 
* cocxxA’Ui* • “ V. p, 77, preps, nos. 3280 3287, e. 
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and activity, the principal circulating vessels present the arrange- 
ment shown in fig. 435. 

The vessel, ib. 4, originally distinct and large before the deve- 
lopeincnt of the gills, is now very small, and so close to the 
origin of 3 as to appear to be its first branch ; it anastomoses^^, 
with the branch 21 from the aortal root of its own side, and 
proceeds to the nascent lung 10 . The artery 3 supplies the hind- 
most gill, aii(] distri- 
butes its branchcKS • to’ 
the several branchial 
leaflets, r>, where they arc 
resolved into the capil- 
lary netw<;rk, fig. 343, 

|). 514 ; the blood is re- 
turned by the branchial 
veins, fig. 435, 7, 8,to the 
trunk 9, whicli at lo joins 
the correspoudiiig vein of 
the muldle gill to form 
the aortal root or arcli of 
that side : this receives 
the anastomosing vessel 13, from the brancliial vein of the first gill, 
and then sends offthe accessory origin, 21, of the pulmonary artery, 
19. The third primary vascular arch, 2, is the branchial artery of 
the middle gill : it eftocts a small auastonn>tIc communication, 14, 
with the vein of the gill before proceeding to expend itself upon the 
brancliial lameflie, 0 ; the returning trunk, 9, after receiving the 
anastomotic twig, 14, joins the vein, IR, of the third gill to form 
the aortic arch. The foremost ])rimary vascular arch, 1, before 
going to the first gill, anastomoses by a small ebaniiel, 5, with tlK'. 
vein, 9, of that gill ; which vein, after the above anastomosis, 
sends offthe vessel 11 to the bead; before the anastomosis it 
passes Imck and divides into the vessel 1 3, joining the beginning 
of the aortal arch, ami the recurrent brancli 12, which also conveys 
arterialised blood to tlie bead. 

As absorption of tlie brancliiic proceeds in the progressing 
metamorphosis, the following changes arc observed in the above 
described vessels, fig. 436 ; the anastomosing channel, r», between, 
the roots of the artery and vein of the first gill, dilates as the cir- 
culation through that gill Is checked, and sends more blood inft> 
the artery 11, into the anastomotic chaimcl 13, and into the artery 
12. In like'inamier the blood of the second gill begins to be diverted 
l>y the anastomotic channel as its base leading to 10, A\hicli assumes 
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a size that gives it the character of the aortic arch. The pul- 
monary vessel, 4, now 
equals in size the trunk, ' 

3, of which it was a ^ a 

437 , 12,18 ; either directly, Tiranclsial cimilaf io.i during' :i)..sorplioi. of t'iHs ; iarval 

, ' I . /. ^i.'Wt {'rdtnii). (XBXXMI. 

or l)y the transtorination 

of the anastomotic chaimol into a recurrent origin of one c>f these ; 
it is thus converted into the carotid artto-ies. In higher Reptiles# 
the origins of i, i, arc blended or produced into a common trunk 
of the carotids. 

The next vascular arch, 2 , 2 , is now transhn’incd into the right 
and left arch of the aorta, by the enlargement of tlie aaastoiiioti (5 
clianncl u, fig. 435 ; with (dianges in length and jjosition by wliich 
it gives off the cntaneoiis artery of the neck, 15 . The tributary, 21 , 
to the pulmonary artery, 4--U), is now shortened, and transverse in 
position : in higher Reptiles it is still more shortened, and finally 
obliterated as the ‘ ductus arteriosus’ on eacli side. The orbital 
artery, is, fig. 436, and u, fig. 437, continues to be sent off from 
tlic aortic arch. 

The first or hindmost of the pnmltivc vascular arches is now 
converted into the pulmonary artery, 
and the blood wliich was transmitted y 

by 3 , figs. 435 and 436 , is now diverted ^ ^ l j/ 

Irom file largest of tlie gills to the 


The blastema, which lays the tbun- 
dation of the lungs, is situated behind 
and at the sides of the fore part of ^ 
the alimentary tanal, wlierc it enters ^ 

•the bnceo-branchial cavity. The 

lungs begin to be formed as soon as . W '^1 

the intestine behind has taken on its 

first sigmoid curvature. I’hey are , ^ 

1 rh;mi?o}< In V('s.s«ls rifiov 

not developed iroin the alimentary tinn- fuin^: xcnvi cvi xxir. 
canal, but communicate with it soon after the ostablisliment 
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of the respiratory cavity in their primitive and independent 
blastema: their communicating duct advances with the elonga- 
tion of the msophagus, and at the point of its communication 
therewith the larynx is ultimately developed. The lungs them- 
selves extend, as simple elongated sacs slightly reticulated on tly^. 
inner surface, liackward into the abdoniiiial cavity. These recep- 
tacles are up sooner formed than the larva rises to the surface* 
and swallows air, which passes into and expands the, prepared 
cavity. "When the pulmonary respiration has re<rularly hegun,*the 
fore-limbs arc liberated from the branchial chamber, Avhieh now 
begins rapidly to contract its dimensions, and to be comiilctcly 
partitioned oil from the abdominal cavity w'ith which it had jirc- 
viously communicated. 

The changes in the hyo-hranchial apparatus, accompanying 
those of the breathing organs, arc defined at p. 90, and illustrated 
in figs. fi9-71 and 74. The dcvclopeincnt of the vertebra; is 
attended with the conversion of biconcave into cup-and-ball 
joints, by ossification of the substance of the cavities, a, fig. 43:5, 
and its coalescence cither with the fore (Fipu) or back (Rcma) 
part of the centrum, c. The chief facts in the formation of the 
skull arc stated at p. 86, figs. 68 71. 

About the middle period of a<iuatic life, the true or permanent 
kidneys Ijcgiu to he formed from and upon the primordial ones ; 
and the basis of the ovaria, or testes, may now be discerned. The 
oviduct is soon distinct from the ureter ; hut the testes retain the 
same exen^tory duct as the kidneys : their vasa defereutia c.oiu- 
luunicate with retained cieca of the jiriuiordial kidneys before 
licnetrating the later glands : the upper or anterior ends of the 
first remain for some time behind the heart. 

In the often-quoted experiments of Edwards,' it is not clearly 
shown that the Tadpoles of the Frogs were constantly supplied 
with proper temperature and food, and therefore it is not satisfac- 
torily proved that the arrest of the metamorphosis was due solely 
to the absence of light. Merc absence or diminution of this 
stimulus docs not in all cases check the progress of the tadpole to 
the Frog-state. Ova of a Frog, deposited on March 11, were 
placed in a vessel covered with six or eight folds^of black* glazed 
calico in a dark part of a room, but in a temperature of from 55° to. 
65° Fahrenheit, and supjilied with proper food." The larva; wci"e 
hatched on March 20 5 attained the length of an inch on May 1 , fig. 
438; had pushed out their hind-legs, fig. 439, on May 10, awl 

their fore-legs, fig. 440, on May Hi'; the'tail began to be absorbed 

• 

* ctvxvui. , 


a xcvii. 
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at that date, was reduced to a stump, fig. 441 , on the 18th, and was 
removed by May 20 ; the metamorphosis being fully completed, as 
ill fig. 442, in ail the tadpoles by May 22. 



TiV'lpole. Yi'Uiif? rrosrs. 

Itiin>ihntporaria^ 


The figures 438 to 441 illustrate the chief outward changes whidi 
ac(‘oin|)any the batrachian metamorphosis, as exemplified in liana. 

In Bvfo the tadpole is smaller and blacker in all the stages of 
growth and metamorphosis. In both genera of Anoiirans the 
growth is greatest at the jihasc figured in 439 ; with the subse- 
<juent phas()s the bulk of the body is diminished : and this is 
remarkably the cas() in the liana pamdoxn. 

In the Newts (7V?Yo?/) the gills are in three ]>airs, larger and 
more complex than in the Frog: the fore-limbs are the first to 
emerge, and the gills persist long after the hind-limbs are deve- 
loped. If late hatched and in a cold season, the gills may 1)0 re- 
tained through tlie ensuing winter: they arc absorbed before the 
next breeding season comes on. 

Much ingenious conjecture has been expended on llie influence 
of external circumstances and internal volitions and efforts during 
the struggles for existence in the origin of species by progressive 
transmutation ; and their succession on this planet has l)oeii 
sj)ccnlatlve1y assigned to such causes. In the metamorphoses of 
the Batrachia we seem to have such process carried on before our 
eyes to its extremest extent. Not merely is one si)ecific form 
changed to another of the same genus; not merely is one g(meric 
modification o5 an order substituted for another; the transmu- 
tation is not even limited l)y passing from one order ( Urodehi) to 
another {Anoiira ) : It affects a transition from class to class. The 
Fish becomes the Frog ; the aquatic animal changes to the terres- 
trial one; the water-breather becomes the air-breather ; an insect 
diet is substituted for a vegetable one. Ami tlu'se changes, more- 
over, proceed gradiiall}%, continuously^ and without any interruption 



m 


AT^ATOMY OF VEUTEBRATES. 


of active life. The larva having started into independent ex- 
istence as a fish, does not relapse into the passive torpor of the 
ovum, to leave the organising energies to complete their work 
untroubled by the play of the parts they are to transmute, but 
step by step each organ is modified, and the behaviour of th^?^ 
animal and its life-sphere arc the consequence, not the cause, of ^ 
the changes. * 

The external gills arc not dried and shrivelled by exposure to, 
the air, nor does the larva gain its lungs by efforts to change its 
element and inlialc a new respiratory medium. The beak is. 
shed, the jaws and tongue are developed, and the gut shortened, 
before the young Frog is in a condition to catch a single fly- 
embryo acquires the breathing and locomotive organs — 
gills and compressed tail — while imjnisoned in the ovum; and 
the tadpole oldains its lungs and laud-limbs while a denizen of 
,thc j>ool : action and reaction between the germ and the gela- 
tinous atmosphere of the y<dk, or between the larva and its 
aqueous atmosphere, have no part iu these transmutations. Tlio 
Hatracliian is com])elled to a new sphere of life by antecedent 
obliterations, absorptions, and dcvelopements, in which external 
influences and internal efforts have no share. 

The phenomena of batrachian metfunorphosis, that each spring 
are observable wherever tlierc is a pool of water in a green field 
of England, are amongst the most suggestive and iiistr active 
which the animal economy affords. 

§ 120. J)cnr/.(ipemntt of Scaled Reptiles, — From the difference in 
tlic stnicture of the ovum in the scaled and naked Keptiles, the pro- 
])ortioii of the food-yolk to the gcrm-yolk is much greater in the 
former, and the formation of a germ-mass by the diffusive process 
of successive fissions is restricted to a smaller pr^ortion of the 
ovum than in Fishes. The formation of the embryonic trace closely 
resembles that in the Fish and Frog; but, instead of rising above 
the yolk-ball, the embryo sinks into it ; first by the head, which, 
as it plunges in, gets covered by a fold or liood of the ^serous ’ or 
outer embryonal cell-layer, drawn progressively over the body 
until it is sheathed to beyond the heart; then the tail, bending 
down, acquires a caudal sheath ; and the rest of thc^trunk sinking, 
the margins of the serous bed are produced over it continuously ■ 
with the bodies of the ceplialic and caudal sheaths, contracting 
concentrically until the whole embryo is inclosed in a ^ serous ’ bag, 
reflected, as it seems, from the umbilicus, and thus the ^ amnios,’ 
fig. 445, a, Is constituted. The embryo being imprisoned in the 
scrum of this l)ag, brancliia) could not act, and are not developed ; 
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but a temporary air-breathing organ is substituted to remove the 
carbon as the organic machine becomes more complex, and its 
actions more vigorous and various. From the fore-part of the 
cloaca a vesicle is protruded which elongates, escapes by the um- 
sbillcus, and, carrying along with it blood-vessels, applies their 
ramifications to tlic inner side of the slicll : tliis is the ‘ allantois,’ 
figs. 445 and 450, b. 

. On the part of the yolk sn[>porting tlie embryo Iilood-clianncls 
a))pear which form a circular canal called^ vena tcriniiuilis ; ’ it 
bends towards tlic embryo at the part near the bead, and passes 
through the opening of the cephalic hood to a transverse canal, 
^ vena affercns,’I)ehind the heart: this is now an obliquely bent tube, 
wdiich pulsates and sends the circulating fluid to a dorsal vessel, 
which soon distributes vessels, right and left, in the abdominal 
region to the ‘ vena terminalis,’ towards which numerous chan- 
nels pass from the included space, flg. 450, c, the whole now 
forming the ‘ area vasculosa ’ upon the yolk. The fluid first 
circulated in this system of channels is [>a]e plasma with granules.' 
The first circulation in an amniotic embryo may be described as 
passing from the heart-tube by vascular arches to the ^ dorsal 
artery,’ which supplies the parts of the embryo, and sends ‘ oin- 
phalo-meseraic ’ branches to the ^aroa vasculosa,’ from tiic ^ vena 
terminaliKs’ of which area the blood returns by the ‘vena aflerens’ 
to the lieart. The dorsal artery bifurcates posteriorly, and returns 
along the abdomen as the ‘ vensc cardinales : ’ the arteries to the 
head also return as ^ precaval veins,’ and all these terminate in 
the ‘vena afferens,’ Dilatations of the licart-tul)e indicaic a 
ventricle, fig. 443, a, and a ‘ biilbus arteriosus, ib. h : ’ the latter is 
more prominent at first. An auricular dilatation belli nd the ven- 
tricle next appears, A protuberance in advance of the caudal 
curvature is formed by what soon is recognisable as a hollow sac, 
ib. wliich, as it expands, carries with it branches from the 
dorsal artery : these are the ‘ umbilical ’ or ‘ allantoic ’ arteries, 
fig. 450, /, which convoy, as the bag jirotrudes and expands, part 
of the circulation to receive the iiiilucnce of the air through the 
por«s of the shell; and, the blood returning by the ‘umbilicar or 
‘ allantoic ve'^s,’ a subsidiaiy circulation to the vilXiUine, ib. c, is 
established, analogous to the branchial one of Batrachians and 
Fishes. The blood has now become red, and of shades indicating 
its arterial and venous conditions. The blood-corpuselos, at first 
globular, become slightly flattened, but llie discs are circular be- 
fore acquiring their elliptical form.^ The ompbalo-mesenteric 

* Hunter. iCLXxx. (179'-t) p. 45, and xx. vol. v. p. xxiv. 

When the heart begins to lose its tubular shape tlio blood-particles arc minute 
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arteries diverge from a common trunk, and the venous channels 
become jnore concentrated towards the heart. A venous sinus is 
formed behind tlie auricle, and this Is divided by a valvular struc- 
ture from the ventricle, which now Is larger than the bulbus. 

Th(i changes of the ])rimitlvc vascular anhes into the arteriaW^ 
trunks arising from the adult heart are effected more Sj)ecdily and 
directly in allantoic Reptiles than in Batrachia, ])p. 519, 520, 
because no branchial organs and vessels are devclojicd; stich sj)e- 
cial respiratory apparatus for a tem])orary atjuatic existence is 
interposed In the anallantoic species, and intcrnipts, so to speak, 
the course of the transformatiou which is now to be described. 

'Fhe jyrimitive distribution of blood from the ‘bulbus ’of the 
emlMyonal heart in ‘ Vertebrates ’ is by a series of symmetrical 
arches on each side the alimentaiy canal, dorsad of whicdi those 
loops or arches unite to form or join the aortic trunk; they relate 
to the ])riniitivc segmental character of the eml)ryo, co-existing 
with maxillary, mandihnlar, hyoklean, and scapular segments, all 
of which at this jieriod arc unclosed arches on the sternal asjicct 
of the fore-part ol*the body. 

Tlio four or five primitive vascular arches have no essential 
relation to gills, any more than the clefts or depressions between 
the budding jficrs of the maxillary, fig. 444, mandibular, ib. /y, 
and hyoidean, ib. c, arches are necessarily the precursors of the 
branchial openings. Botli primary structures exist in tlic embryo 
of those vertebi’ate classes that never p{)sscss the true branchial 
organs : these are superadded dcvelopeincnts ujion the common 
segmental type of plea raj jophysial and jdoiirarterial jiarts, which 
developements arc |)ecnliar to Fishes and Batraerhians, persisting 
in the first, and vanishing in most of the latter Vertebrates. 
Of the three vascular arches on each side by which the Idood 
passed from tlie bulbns to the dorsal vessel, the hindmost are 
progressively converted, with the growth of the lungs, into the 
‘ pulmonary arteries,’ each retaining a connection with the second 
])air of vascular arches; the third, or anterior jmir, Avith the 
developemcnt of the head and fore-limhs, in like manner become 
diverted to their exclusive service, but for a time retain a «on- 

* »i 

transparent globular cells, with a large granulated nucleus (mesoblast, Ag.), attached 
to the wall. ‘ By the ap])lication of water the nucleus bursts and the Avholc granular 
contents come out, but still retain their globular state and appear to have a membrane 
about them. From this it would appear that the apparently granular contents of the 
mesoblast constitute, in reality, .an entoblast (nucleolus), which fills the inesobhist.’ 
The flat elliptic form is not attained until very late. The mesoblast is faint and 
homogeneous to within a short lime before extrication of the turtle: m the adult it 
contains a darker ciUoblast. ccc. p. 617. , « 
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ncction with the mid-pair, as shown in fio*. 332, p. 504, at a. 
The returning blood from the expanding lungs leads to the deve- 
lopoinent of a distinct chamber in the auricle, which finally be- 
comes the left auricle. Partitions in the bulbus arteriosus effect 
^ distinct communication of the pulmonary artericvS with the 
^ventricle, and a division of what pow betromes ^ aorta’ into two 
trucks. Of these one is appropriated to the left of the primitive 
.pair of ffii chile arches; the other becomes the trunk of the right 
arch of that ])air, and also of the anterior pair*iii course of change 
into brachial and carotid arteries. The ^ ductus artcriosi,’ between 
llie anterior and middle arches (fig. 332, a), arc usually absorbed 
(its at I), fig. 334) : those between the posterior and middle arches 
(o, fig. 335) are longer retained through the same course of change. 
The trunk, which gives off* the carotids eitlnu* exclusively or in 
common with the brachials, is posterior in ]ie|)ti]es to tlie trunk 
of tlie left- aorta, and to that of the pulmonary artery. AVith thg 
develoi)cment of septa in the bullius, there proceeds a like change 
in the ventricle itself*, but it does not reach tlie conditic)n of a 
complete ^septum ventriculorum ’ until the crocodilian type of 
llromatocrya is attained (figs. 339, 340). 

The substitution of kiclneys for Wolffian bodies is preceded by 
an enlargement of the latter, fig. 443, /*, at their middle part, 
with attenuation of their ends: the 
true kidneys begin to 1)C formed at 
the upper medial part, and their url- 
niferous tubes arc larger and more 
e<mvo]uted. The genital organs 
appear as a narrow white band u|ion 
the ventral side of the AV^dffian body. 

Tlie developement of the brain 
closely resembles that in the Fisli 
(pp. 604, 607), but it soon bends 
down at a sti’onger angle* with the 
inyelon. The cerebellar fold is first 
distinguisliahlc; afterwards the de- 
flected anterior part of the encepha- 
lon becomes 'ilividcd into meseii- 
‘ cephalon, cerebrum, and olfactory 
lobes, and the cerebrum speedily 

. 1 > 1 Knilirvo of 

attains the superiority ot size which 

distinguishes the brain of the K-cjitilc from that oi* the Fish. The 
pineal glaiid^showsa large proportional size in the embryo Turtle, 
as docs also tlie ^ thalainus ’ or lower lobe of the mcsence])halou. 
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in which the optic nerves chiefly originate: the ventricles are 
large in each mass. The eye-ball is formed, as in Fishes, by the 
bending of a sausage-like bag about the lens, and tlie coalescence 
of the ends brought Into contact. The cicatrix, shown in flg. 443, 
soon disa])})ears. The capside is next differentiated from the lenr ' 
proper. The eye-ball is, at first, unprotected, as in Fishes ; but^ 
the contiguous skin-bordcr begins to encroach upon its fore juirt, 
with modified growth, to form the eyelids. 

After the devclopcmcnt of the labyrinth from the primitive 
car-caj)sule, a tympanic cavity is formed, in Avhich the ^ stajics ’ 
ajipears as a short thick cartilaginous 
cylinder in the C-helonia, in which the 
^meatus auditorius’ broadens outwards 
^ j to a trumpet shape, which it retains. In 

y \ the ( )})hidia the ‘ stapes,’ fig. 444, B, c, is 

\ similarly developed, independently of the 
I J I and mandibular (or so-callcd 

J Meekers) cartilage, ib. rf, as sliown by 
t’ S Ivathke, in Ntdrir. tortjmda. The nostrils 

ap[)ear as deep depressions at the fore end 
of the liead, the margins of which become 
B jT/ incurved, and tlie bottom of tlie sac is 

^ [produced into a canal communicating with 

ir.omal nrrlus of rr:niii!ii» ; fJul'iT TllOUtll. 

In and from the membrane of the 
notochord, continued along the basis cranii, is developed the 
cartilage of the basi -presphenoid, blending laterally Avilh the 
eav-ca[)sulcs : the basal cartilage bifurcates anteriorly, and re- 
unites .surrounding the h\ ])OpliysIal fissure : it is then continued 
singly forward, and expands anteriorly in connection with car- 
tilaginous plates from Avhich, in Chdonia and Ophidian the 
profronto-nasal bones are developed. In Lacertilia the large 
^ lacrymal ’ bones grow from the same embryonal cartilage. 
Behind these foremost representatives of neurajiophyses are 
three pairs, more clearly showing the neurapojihysial characters : 
the pair resting on the bifurcated prcsphenoidal part of the 
basal cartilage, ill I'clation to the optic nerves, become Sirbito- 
sphenoids;’^ the next pair, in relation to the trigeminal nerves, 
situated anterior to the ^ear-capsules,’ become the alisphe- 
noids;’^ the pair behind the car-capsules, resting on the 

basioccipital, become tlie ex- and par-occipital s.® Thus the 

» 

’ cccxxx. taf. vii. fig. 1 7,/, ‘ vorrlcrcr Kcilbcinflugcl.' ^ t hinterc! Kcilbciiiflugel. 

* lb. hy ‘ Soitcntbelbdes Hintcrhaupfbcincs.* * 
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neural arches of four vertebral segments are plainly Indicated in 
tlie dev elopement of the reptilian cranium. The liannal arches 
make their first ap])caraiice as pairs of slender ri])-like bones : 
the foremost, fig. 444, becomes the palato- maxillary arch the 
^ jiext early shows more clearly its division into the jdciir- and 
luem-apophysial parts of the tympaxio-mandibular arch, ib. h ; the 
thbd, ib. c, is the hyoid arch: the fourth lias no longer the 
. ('ephalid relation which it shows in Fishes ; and the four neura- 
j) 0 *physcs are matched below by only three Inemapophyses in the 
rc})tilian cranium. 

In the oviparous Snakes, Nuti^kv turqurUa, c. g., a C(*rtain. 
progress in the devclopcmciit of the embryo is found to have 
been made when tlie egg is laid, and tlie rest is completed and 
the young extricated in tlie course of aliout two months, sooner 
or later, according to the surrounding temperature. 

When developemcnt has advanced to the formation of thp 
auinicis about the embryo, the head is distinct, and shows tlie eye- 
hall and ear-sac ; also the maxillary and mandihular processes and 
tlie beginning of the hyoid, with the intervening depressions, mis- 
called ‘ hranehial clefts:’ the heart, am a sigmoidally liciit tube, 
fills the concavity between the frontal jiroeoss and the chest: 
the allantois has protruded, as a globular vesicle, about the size 
of the head; and beyond its emerge uco the tail forms a single 
spiral coil: the vascular area on which the vitelline vessels ramify 
covers half the food-yolk. The long trunk of tlie Serpent grows 
in a series of decreasing spirals, and when five or six ai*e formed, 
the rudiment of the liver and the primordial kidneys are dis- 
cernible. Fig. 444 sliows the embryo at lliis period magnified 
four times: a Is the amnios, If 
the allantois, d its tubular stem, 

[iroduced from the cloaca, or 
‘ urachus :’ the front view of the 
head shows the ‘ frontal process,’ 

0 , and the bases, //,, of the ])alato- 
maxillary Imnnal ai’ch. The pri- 
mordial kidneys are remarkable 
for their leiujth : c indicates a 
portion of the vitclllclc. With 
the dilatation of the fore-part of 
the aliincntary canal indicating 
the stomacdi, a small appendage, the pancreas, apjiears, marking 

the beginning of the iiitestiiie. The lungs are next seen as a 

0,0 r? 

* * cccilxx. taf. vii. fig.'ll, f, ‘ Oberkiofor.’ 
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symmetrical pair of loiigish simple sacs, extending from the 
pjiarynx on cacli side ol* tlie (csopliagus to the beginning of the 
liver: tlie left division soon begins to exceed the riglit in length, 
and tlien seems to monopolise the power of growth. Tlie common 
stem or neck of the pulmonary sacs eloiigatCvS, contracts, aneV 
begins to show' traces of the transverse cartilages; and at about ^ 
the latter third of the developemental period tlie right lung appears 
as a mere api)endagc to the beginning of the left. The Vjipciir- , 
ance of malpighian bodies, as minute red points on ])art of the 
surface of the primordial kidneys, is the first indication of the 
developement tlierefrom of tlie kidneys: these grow between 
the })rijnordiaI kidneys and the verfebne at the hindmost end of 
the abdominal c.-n itv. The testis, or ovary, is differentiated from 
the ventral surface of the fore-part of the primordial glands : at 


‘140 
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one period of developement tfie {irimor- 
dial ducts coexist with the spen'm-duct 
and ureters. Four or five ducts emerge 
1‘roiu the liver and unite into a com- 
mon one before communicating Avitli 
•the intestine ; a similar duct, proceed- 
ing from the common one, exjiands at 
its o])|)osite end into the galhbladder. 
This remains near the pylorus: the 
hepatic ducts elongate as the intestine 
recedes on the grow th of the snake. 
The spleen first appears as an apjiend- 
age to the narrow' end of the jiancrcas. 
In the male emhryo, the two Infurcate 
penes jiroject from the cloaca before 
the period of extrication. 

Figure 446 shows the posterior lialf 
of the embryo of the Viper at a late 
lieriod of developement. The yolk 
bag, /7, is inueh reduced in size, but 
is not yet taken into the abdominal 
cavity ; h is the portion of the amuios 
adherent to the vitellioie ; v is the 
sliort jiedicle, including part of r/, tlie 
ductus vitcllo-intestinaHs, which as- 
cends to terminate at c, between (he 
longitudinal folds of the mneous mcm- 


hrane of the s*mall intestine,/! 


The continuation of tln^ intestine to 


the cloaca, /, is showm at //, h ; the ovariaat /, the kidneys at A, A. 




In figure 447, the vltel- 
licle of a Viper, at a more 
advanced period, shows part 
of the food-yolk entering 
the abdominal cavity, at a: 
hhe ductus vitello-iutesti- 
> iialis, dy is reduced to a 
thread; y is the intestine, 
and k the kidney. 

Figure 448 sliows the 
body of a V^iper just before 
the period of extrication 
from the egg -coverings ; 
the pa]‘ietes of the abdomen 
are ])artly removed to show 
the vitelliclo, /v, wliicli lias 
now become inclosed in 
that cavity, Avith almost 
complete obliteration of the 
umbilical cicatrix: «, the 
remains of amnios and al- 
lantois: the much short- 

ened ductus vitcllo-intestl- 
nalis: y, the liver: fj\ the 
stomach : /', the duodenum : 

the small intestine; tlic 
other letters indicate the 
same jiarts as in the pre- 
ceding figures. 

The gravid Viper is more 
than usually sluggish, aud 
loves to bask iu the hot 
suushiue, turning her belly 
as if to court the aid of tlio 
extraneous warmth iu ac- 
ccleratinjx the internal in- 
cuhatiou of her eggs. 

Figure 449 shows tiic 
egg and embryo of tbo 
Monitor Lizard near tlic 
jiorlod of extrication ; a is 



the remnant of the food-yolk: h the amnion laid open to show the 
embryo, its loiig^triink and tail arc packed iu spiral folds as 
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in the embryo Serpent: e is the leathery and partially calcified 
egg-shell. An embryo Lizard, at an earlier period of dcvclope- 
inent, is shown in fig. 443. 


Hunter left the 


449 
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following preparations illustrative of the 
developcment of the Croy 
codile. No. 3364 shows the 
calcareous outer crust, of* 
the inner ^membranu puta- 
ininis’ of the egg : No. 336.'5 * 
shows the attachment of the 
vascular allantoisto that shell 
membrane in an embryo in 
w Inch j>art of the yolk has been 
received within the abdojnen. 
In No. 3366 the hinder lialf 
of the Crocodile is dissected 
to show the condition of the 
vitelline and allantoic sacs at 
the close of fmtal develope- 
inent; the vitclliclc presents 
an irregular lobated form, 
and its short and narrow 
duct communicates with the 
small intestine a little below 
tbc duodenum : the allantois 
communicates witli the lower 
and fore i>art of the cloaca 
lender duct homologous with the urachus : 


'.ino 


by mcan^of a long arid ^ . 

but no part is dilated, as in certain Lizards, to form the urinary 

bladder. In No. 3370 is sboAvn the 
Aitcllicle, after inclusion within tin* 
abdominal walls ; It is much reduced 
in size, and its contents are hard and 
stringy. 

The period of external incubation 
by the action of the sun’s rays upon 
the sand-nest of the eggs of the 
Turtle {Chehme Midas) lias been 
ascertained to be seven weeks. 

p , Figure 4/50 shows the embryo 

of a Snapping Turtle ( Cliehjdra 
sf:Tpnitwn) fr(5m an egg laid June 21st and opened September 21st 
of the same year. The amnios is cut away: c stows the‘ V’ea vascu- 
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losa,’ witli the ornphalo-mesenteric vessels ; h is part of tlie allantois 
with tlie allantoic or ‘ umbilical ’ vessels, i. 'Hie outline of the cara- 
pace is just marked on tlie back of the embryo, and the proportion 
of the vertebral column hot so modified apptairs to be greater, as 
ij; its resemblance to the type-form of Reptile, than in the adult. 

The condition of tlie carapace and the outward form of a Fresh- 
Water Tortoise {Emys) is shown in figure 451. The amnios, </., is 
turned Ivack to show the posi- 
Vioii of tlie limbs and head in 






the (w : b is the part of the 
allantois; r; tlie remnant of the 
yolk. The conti-al ojieniiig of 
tlu‘ plastron, whicli is perma- 
nent ill the m;iriri(i 
is s(^en at tins period in all the 
order, Imt is quickly filled u[) 
in the lainl and fresh-wafer 
species. The chief speciality 
in the developement of the 
scaled Ih.'ptiles, compared with 
(.‘ach other, relates to that of 
the carapace and plastron of 
the CJtelorda : and this has 
been explained at pp. 557-9, 
and illustrated in figs. 3(19 72. 

Wlien the Turtle is hatched, 
the bones of the head show 
diiforent degrees of ossifieation. 

Hie premaxillary and preman- 
ilibular are most advanced for the purposes of feeding ; the maxil- 
lary, the hack part of the mandible, the prefronto-nasal, frontal, 
and p/irietal come next in hardness, Tlie superoccipital shows an 
outer layer of bone, the rest being gnstle ; the basioecipital and 
liasisphenoid begin to be ossified from the centre ; the alisphcnoidvS 
and exoccipitals are still cartilaginous. 

The limbs begin to show the digital divisions soon after the 
(*arapace is outUiied, and the cartilages of the meta'carpals and 
jnetatarsals are first discernible; the phalanges are composed of 
compacted polygonal cells at near tlie term of incubation, whicli 
then become ‘cartilage cells,’ widely divided by blastema. The 
long lioues of the limbs show a thin outer crust of bone inclosing 
(‘artilage, which is progressively ossified, solidifying the sliaft-, 
without subsequent excavation of aiyr medullary cavity. 
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In tho cold-blooded i*eptiles, liatcbed by external heat, indepenr 
dently of incubation, the course of dovelopenienfc may bo inior- 
ruptcd for longer periods, without hurt to tlui emluyo, than in the 
warin-l)luoded Ovipara. Agassiz states tluit in TesUulhiaia the 
coinnion j)eriod of liatclung may be ‘postponed for niontbs.’ ^ 

In Snakes and Lizards a sharp tootli is devadoped in the pre- 
maxillary of the (‘inlnyo, towards the close of incubation, wjierc- 
witli they cut tlirough the tough egg-shelld The operati<»n of this 
transitory and ])urposive weapon has bcvn observed by Weinlaiixl 
it totally disappears in the adult of most Opludia. h'or breaking 
through the more brittle shell iu (Jbelonia the eml)ryo is provided 
witli a sort of liorn or hard excrescence above tlie end of tlie upper 
jaw: this afterwards disappears, lii the Crocodilia the snout of 
lh(? nearly liatelied young is sufficiently hard to break the egg- 
shell ; hut there is no* distinct iidjercle, nor any precociously 
^(leveloiK‘d premaxillary tooth.^ 

^ ca xxxYT. ' ((u^xx^vi. ^ ccr. [>. ‘JS8. 
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